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PREFACE 


Thb present volume is the "Second Part” in order of a com¬ 
prehensive treatise on Zoology, which has been for some time 
in preparation under my editorship. In this treatise each 
of the larger groups of the Animal Kingdom is to be described 
by a separate author; whilst, as far as possible, uniformity 
in method and scope of treatment is aimed at The authors 
are, for the most part, graduates of the University of Oxford, 
though it may not be possible to maintain this limitation in 
future sections of the work. 

The general aim of the treatise is to give a systematic 
exposition of the characters of the classes and orders of the 
Animal Kingdom, with a citation in due place of the families 
and chief genera included in the groups discussed. The work 
is addressed to the serious student of Zoology. To a large 
extent the illustrations are original. A main purpose of the 
Editor has been that the work shall be an independent and 
trustworthy presentation, by means of the systematic survey, 
or taxonomic method, of the main facts and conclusions of 
Zoology, or, to speak more precisely, of Animal Morphography. 

The treatise will be completed in ten parts of the size 
of the present one. It will at once be apparent that this 
limitation necessitates brevity in teeatment which, however, 
will not, it is believed, be found inconsistent with the fulfil¬ 
ment of the scope proposed or with the utility of the work 
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PREFACE 


to students. The immediate publication of the following 
parts may be expected:— 

Part I. Introduction and the Protozoa. 

Part II. Enterocoela and the Coelomocoela—The Pori- 
fera — The Hydromedusae — The Scypho- 
medusae—The Anthozoa—The Ctenophora 
(the present volume). 

Part III. The Echinoderma (published in March 1900). 

Part IV. The Mesozoa—The Platyhelmia—The Nemer- 
tini. 

These parts will be issued, without reference to logical 
sequence, as soon as they are ready for the press. This pro¬ 
cedure to some extent evades the injustice of making an 
author, whose work is finished, wait for publication until other 
more tardy writers have completed their tasks. 

The following authors have undertaken portions of the 
work:—Professor Poulton, F.R.S., M.A.Oxon.; Professor 
Weldon, F.E.S., M.AOxon.; Professor Benham, D.Sc., M.A. 
Oxon.; Mr. G. C. Bourne, M.A.Oxon.; Mr. G. H. Fowler, 
M.A.Oxon.; Professor Minchin, M.AOxon.; Mr. F. A. Bather, 
M.A.Oxon.; Professor J. W. Gregory, D.Sc.; and Mr. E. S. 
Goodrich, M.A.Oxon. 

E. RAY LANKESTER. 
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CHAPTER II 


THE ENTEKOCTKLA AND THE Ca*:LOMOCa':LA ' 

1. The Distinction iuciween the Grades Protozoa and 
Metazoa. —Some discussion of this subject will be found in the first 
})iu t of the ])rcscnt work. Here Ave start Avith the simplest con¬ 
ception of a Metazoon, namely, a multicellular organism {Le. an 
organism Avhich can be actually as Avell as optically resolved into 
a number of constituent “ cells or “ cytes in Avhich the ceil-units 
are diilerentiated into at least tAvo groups, having contrasted ])ro- 
perties and functions instead of being ecpiiformal and interchange¬ 
able in function as in the multicellular Protozoa. The production 
of micro- and macro-gametes or male and female reproductive con¬ 
jugating cells docs not in itself serve to distinguish the Metazoa 
from the Protozoa, as this occurs not only in multicellular, but 
also in unicellular Protozoa (Coccidia, Hiemamrebie). The gjoup- 
ing of at least tAvo diilcrent kinds of cell-units to form at least 
tAVo distinct permanent layers or masses in the adult organism 
is the essential character of the Metazoa, and it does not constitute 
a very great chasm betAveen them and some of the aggregated or 
multicellular Pi otozoa. 

2. Division of the Metazoa into Two Rrancties. —The 
Metazoa - are divisible into tAvo divergent branches, Avdiich ]Aossibly 
may be really tAvo independent stems arising separately from 
Avidely different ancestral ih-otozoa. These are, on the one hand, the 
Parazoa** or Sponges, and, on the other hand, the Knterozoa,^ Avhich 
comprise the rest of the animal kingdom. The Parazoa are charac¬ 
terised by being composed of aggregates of cells, of which the outer 
layer is protective, trophic, and reproductive in function, Avhilst the 

' By E. Ray Lankester, M.A., F.R,S. 

* The term Metazoa was introduced by Haeckel in his Studien znr Gastrsea 
Theorie, Jena, 1877, p. 12 and p. 54. Protozoa is a translation of the German word 

Urthiere/* and was first used by von Siebold in 1841. 

^ This term is due to Sollas; see Quart. Journ. Microsc. Sci. N.S. vol. xxiv. p. 
614 (1884). 

* The name Enterozoa was introduced by me in 1876 (preface to the English 
translation of Gegenbaur’s Comparative Anatomy) as a substitute for HaeckeFs term 
Metazoa. It now finds convenient application as the title for one of tlie two brandies 
into which Metazoa are divisible. 

I 
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PARAZOA AND ENTEROZOA 


innermost has its units in the shape/)f goblets from the interior 
of which rises a vibratile flagellum (choanocytes). They bound 
a cavity excavated in the mass of cells, and communicating by 
apertures, with the exterior. By the movements of their flagella 
they induce the flow of currents of water within the cavity or 
chamber which they line.^ The Entcrozoa, on the other hand, are 
in their simplest expression, two-cell-layercd sacs, the outer layer 
of cells—the ectoderm—being protective, rcsj)iratory, and excre¬ 
tory, and often provided with vibratile [)rocesscs, whilst the inner 
or endoderm cells are essentially concerne<l in digestion, assimila¬ 
tion, and reproduction and bound a cavity. This cavity is the 
primitive gut or “ archenteron,” and opens to the exterior by a 
single aperture, the mouth-anus. 

The most primitive Enterozoa retain the general features thus 
indicated, whilst it is possible to trace the development of the in¬ 
dividual in the case of representatives of the higher groups of 
Enterozoa from the same simple structure (the embryonic form 
known as the Diblastula or Gastrula). 

PARAZOA ENTEROZOA 


Branch A \ Ihaiich B 


Grade B. METAZOA. 

t 

Grade A. PROTOZOA. 

Tree showing primary grades and branches of the Animal Pedigree. 

3. Sterility of the Branch Parazoa. —The Parazoa have 
apparently not given rise to any very great advance or complication of 
structure. They are represented by the Sponges or Porifora alone. 

4. The Division of the Branch Enterozoa into Two 
Grades. —The Enterozoa proceeding from the condition of simple 
two-cell-layered sacs (Fig. 1) have given rise to an immensely 
increased complexity of structure, and to a vast diversity of form 
and internal organisation. The most important step in their pro¬ 
gressive development of complexity of structure is the production 
of a second internal cavity distinct from the gut or archenteron 
(Figs. 2 and 3). To this second cavity the name “ coelom is 
given. Its nature and origin are discussed below. 

The presence of the coelom is of the highest physiological import¬ 
ance. Once developed it became the starting-point for a variety 

* See further the conclusion of the chapter Porifera, by Prof, Minchln. 



CCELOMIC SACS 


FlC. l.~SF(mONS THROUUII ONK OF THE 

ENTRnocffiLA (a Seypliistoiiia polyp) 

TO SHOW THE 8ACCT'LATiON AND CON- 
TINUITV OF THE ARCHENTEKON AND 
THE TWO PrIMARV CeLI.-EAYEHS. 

er, ecto<l(‘riii, and c/i, «;ndo<lenri, indi- 
cat«*d by dark and pale shading rfs 
spectivfly. yi, sagittal suction of the 
diblastula embryo without oral aperture; 
It, similar section of tlie young polyp 
after fixation but without oral ajiertnre. 
■S oral in-sinking (stoinodieurn); < 7 , meso- 
gloea. C, young poly]) with mouth, sp, 
junction of stomodjeiim and archenteron ; 
m, ga.stric pouch. />, transverse section 
taken so as to cut the gastric pouches 
( 7 n) above their ojtcnings into the archen¬ 
teron ; a, stouioiliiMuu. H, a similar 
section at a lab'r period when four 
pouches have l>een fonned, st, septa. 
F, trams verse section at a lower level, 
showing the continuity of the gastric 
imuclics with the axial portion of the 
archmiterou ; /, tieiiiola*. (After (Joetle, 
from Korschelt and lleider.) 




C. 



Flo. 2.— Sections through the Larvac or an Echinoderm (A.stcrina gibbo.sa) at Suc¬ 
cessive Stages of Growth ; A, B, C, to show the Orioik of the Coelom as a Pair 
OP Enteroccelous Pouches. 


Bf, Blastopore ; D, archenteron; Pn, vssoperitoneal sacs or coelomic pouches, r and 1, 
right and left aides. (After Ludwig, from Korschelt and Heider.) 
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CCELOMIC SACS 


of important differentiations and coiisecpient development of new 
organs, such as genital ducts and renal excretory glands, besides 
affecting the mechanical conditions of the body-wall and muscles, 
and the diffusion of chemical products within the body. 

•A 

Fio. 3.—Transversk SEtnjoNs or 
Two Staoeh or the Larva of 

THE URACHIOPOD AROIOPE TO 
SHOW THE Origin of the Ccelom 
AS A Pair of EsTKRot<KLoiJs 
PortHEs. 

.-1, younf?er stii^e. l)lnstoi)on:; 
pv, riglit c«''Io»nic povich coiilimious 
with wi/’, tilt* aiolienteron. JS, LiLttr 
stn}<t», tlie fu'loniic ixmi!!) (jn) is now 
shut oil' fr<»in the archfiiteron, vie; 
h, tpinporary bristles. (After Kowa- 
Icwsky, from Balfour.) 


Accordingly avc divide the Entcrozoa into those in which the 
sole cavity is tlie enteron—the Knterocada—and those in which 
the coelom is present as an independent second cavity—the Ctelo- 
mocfela.^ 

Grade lb C(KLOMOC(ELA. 

Grade A. ENTEKOCGXA. 

ENTEBOZOA. 

^ The two grades which I here call Enterocn la and ( Voloinocu la are 
often designated Cadentera and Cceloinata. The wor<l Ctelenterata (due 
to Leuckart, 1848) has been used by some authors. It seems to me that 
it is legitimate to transpose the components of C(x*lentera so as to form 
the word Enterocccla, and we then are able to form a very much better 
pair to it than is Cadomata (HaeckeTs term), by coining the word 
(Velomoccela. The contrast of animals whose sole cavity is the enteron 
or gut-chamber with those which have a coelom as an essential and dis¬ 
tinct cavity is thus clearly expressed. 

The use of the term enterocad for the coelom itself, and of the word 
Enterococlia for a large division of cadomoendous animals by the 
Hertwigs may seem to render the conversion of Coelentera into Entero- 
cada inconvenient But the word “ enterococlous ” or “ enteroccclic ” is 
still quite appropriate as a description of the early phase of development 
of the coelom for the very same reason which justifies us in calling 
polyps and medusoe, Enterocoela or Coelentera, viz. that we refer to the 
existence of a cavity which is in origin in the one case, and permanently 
in the other—a part of the enteron. As to the Hertwigs term “ Entero- 
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5. Enumkuation of the Phyla included in the Grades 
Enteuoco:la and Ccklomoccela .— The term “phylum'' was 
introduced by Haeckel to indicate the branches of the animal 
])edigrec of largest size. Setting aside the bifurcation of the 
Metazoon stem into Parazoa and Enterozoa, we use the term for 
primary branches. The branches into which a phylum divides 
arc called, in accordance with the practice of all systeniatists since 
liinna'us introduced the system, “classes"; those into which a class 
divides “orders"; those into which an order divides are called 
families, which are divisible into genera, and these again into 
species. Breaks may be indicated in any of these groups ))y^thc 
recognition of two or more “grades" within it, whilst divergences 
of importance giving rise to two or more lines of descent can be 
further pointed out by the additional gron])ings furnished by the 
prefix “sub," such as sub-phylum, su])-class, sub-order, etc. 

AVe recognise the following phyla in the two grades of 
Enteiozoa :— 

Grade A. Enteroccela. 

L Hydromedusa:. 

Phyla -■ ScYRHOMEDUS/E. Anthozoa. 

( Ctexophora. 


Grade B. Coelomocoela. 

n. Oronps u'liick in the jnrsi nf i>fnfc of hnoivlcilijr nniat he reoorth‘fi 
iiH (liAlnrf PJniln. 

PLATYllEIAIIA. NeMATDIDEA. iMoLLUSOA. 

Eon I NODERMA. Cl LV: DM IN ATH A. 

VERTEIiRATA AlTENDIOl I.ATA XeMER'I'INA. 


'Mcliuling the Sub-Phyla 
Hemichorda, 
IJrochorda, 
Cephalochorda, 
Craniata. 


including the Sub-Phyla 
Uotifera, 
Cha*toiM)da, 
Arthro[)oda. 


/J. Groups whose irhitionship to fhe ahorr Phyla is of present ohscure, 
and ore therefore prorisionoUy trented os distinct Phyla. 

M ESOZO A. xVC A X T1 IOC ERH A LA. 

PoLYZOA. DU’I.OCHORDA. 


cadia," the distinction which it was inteiuhd to indicate by contrast wdth 
the term “ Pseudocadia " is no longer defensible. And, inasinuch as the 
Hertwigs themselves also use the term “ Co lenteraten ” in their “ Cccloin- 
theorie " for the lower grade of Enterozoa, it seems inadmissible that they 
should apply a word compounded of the same factors (enteron and koilos) 
to a totally different set of animals. “ Enterocadomiaand “ Pseudo- 
cadomia" would more truly have expressed their meaning than the 
words they employed. The cavity which they discuss in their book is 
called “ the ccelom,” not “ the cad.’* 
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6. Chief Organs and Organ-systems of Enteroccela and 
CcELOMOC(EiiA.—Leaving out of consideration special locomotive 
anti prehensile mechanisms, and confining our attention to 
differentiations of structure corresponding to important physio¬ 
logical processes in the animal economy, we note in comparing 
Enteroctela and Coelomocada that it is by no means merely in 
the possession of the coelom that the latter grade rises above the 
former. In all but the simplest Coelomocoela (the Platyhelmia 
and some few minute forms) we find a blood-vascular system, 
consisting of main arterial and veinous trunks connected by rami¬ 
fying capillaries, present. In rare instances only are the fine 
capillaries absent, and their place taken by larger trunks. The 
essential clement of this system is a modification of a primary 
tissue similar to the embryonic connective tissue of Vertebrata. 
Its distinctive character is that the constituent cells form elongated 
libre-like groups, branching and constituting a reticulum, whilst 
at the same time the cell-substance, instead of giving rise 
to fibrillar skeletal material, becomes licpiefied axially. Thus 
tubes consisting of rows of elongated nucleated cells are formed 
containing a highly organised lupiid, which is often coloured red 
with hamioglobin, and contains the nuclei of disintegrated cells, 
which were the sources of the Incmoglobinous fluid, as in 
Cha'topoda and some Mollusca (Planorbis) and some Arthropoda. 
On the other hand, the fluid may be colourless, whilst in it float 
haunoglobinous corpuscles, as in Vertebrata, some Mollusca (Solen 
legumon. Area), and some Echinodernia, or the fluid may not only 
itself be colourless but contain 0 !ily colourless floating corpuscles 
(most Molluscs, Arthropods, and Echinoderms). 

liKNAi. EXCRETORY 0 R(;ans sj)ecially developed in the form of 
sMcs (renal sacs) and tubes (nephridia) are found in the Ceclomo- 
< M*la, whilst in the Enterocmla, although some cells or even cell 
groups a})pear to have a renal excretory function—that is to say, 
to be concerned in the elimination of nitrogenous waste—there are 
no definitely constituted renal organs. 

The ItEGIONS and GLANDULAR APPENDAtJES OF THE ALIMENTARY 
TitACT are, except in the Platyhelmia, very differently developed 
in the Knterocrela and Cudomoccela. A stomodteum {arofiay the 
mouth, and n^alovy adj. form of o(5os, a road) results from a tube¬ 
like iri-])ushing of ectoderm in the first formation of the mouth in 
higher Enteroccela. In the Codomocmla we not only get a 
stomodieum, but an ectodermal proctodieum (wptDKTiU and o^atov) 
is similarly formed in connection with the anus, which is rarely 
absent in that grade, and never present in the lower. 

Paired digestive glands of various kinds, having the form of 
saccular outgrowths of the gut, are present in most Coelomocoela, 
and never found in Enteroccela. 
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The caslom in all but the lowest Ccelomoccela has by its large 
development led to a very marked separation of the body-wall and 
the gut-wall, and a consequent independent development of elaborate 
SYSTEMS of MUSCULATURE in each of these superimposed regions. 
In the Enterocoela there is no separation of body-wall-musculature 
and gut-wall-musculature (nor in Platyhelmia, Nemertina, and 
Nematoidea among Ccelomocoela). 

The SENSE-ORGANS of the Enterocoela attain in some cases a 
high degree of complexity (optic and auditory structures), but 
the nerve tissue remains even in the highest to a large extent 
diffuse, and in the form of a widely scattered network, though 
ring-like concentration corresponding to the form of the body is to 
some extent found. In the Coelomocfela, even among the lowest, 
a concentration of the nerve ganglion cells to form the centres of 
a NERVOUS SYSTEM is observed. Various steps in this concentra¬ 
tion in the form of longitudinal cords may be observed i!i lower 
and higher Coelomocopla, tending to extreme concentration of the 
nerve-ganglion-cells, and the protection and special nouiishment 
of the brain and nerve cord so produced. 

Branchial rkspiiiatouy ur(;ans are frequently developed as 
feather-like outgrowths or other modifications of the surface in 
Ccelomocoela. The blood-vessels arc distributed in these branchiie 
and there receive oxygen, and li))erate carbonic acid. In the 
Entcroccfila, the absence of a vascular system is accompanied by 
the absence of special branchial organs. 

In GENERAL FORM and SYMMETRY, as well as in the manifesta¬ 
tion of morogenesis, or repetition of parts, the Enterocada and 
C(elomoccela differ greatly. In both a primary bilateral symmetry 
can bo (with a few exceptions among the Enterocada) detected. 
But in the Enterocoela this is masked by a dominating tendency 
to radial symmetry. Such masking of the more primitive bilateral 
symmetry is rare in Coelomocada, where, however, it is exhibited 
by most of the Eebinoderma. 

Merogenesis. —The Enterocada frequently give rise to lateral 
buds, and so to arborescent growths, consisting of many individuals. 
The Ccelomocoela more rarely produce lateral buds (Polyzoa, 
Tunicata). The Ccelomocoela often give rise to chains of complete 
or incomplete individuals by growth, along the oro-anal axis, and 
partial or complete division at right angles to that axis (meta- 
meric segmentation). An apparently similar process is seen in the 
segmentation and division of the Scyphistoma polyp at right angles 
to the oro-aboral axis. 

The exact historic relationship of metameric segmentation and 
repetition of parts in the Ccelomoccela to a previously complete 
production and separation of metameric “ buds ” or new individuals, 
requires special consideration in each group of animals in which 
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metameric segmentation is observed, or even but partial traces of 
it, can be discovered. Whilst it is certainly not necessary to 
suppose that metameric segmentation is actually derived from an 
arrested formation of strobilated buds which at one time were set 
free, it is nevertheless tolerably certain that the fundamental 
property of the organism is the same in both cases, bud-strobilation 
and metameric segmentation, and that whilst (whether it takes 
the form of antimerism or metamerism, or paramerism) we may 
indicate the exhibition of this property by the name “ merogenesis," 
we can, with advantage, distinguish the clear and well-marked cases 
of repetition of “ meres as “ euinerogenesis ” {e.g, Lumbricus and 
Taenia, Agalma and Eudendrium), whilst the blurred and obstructed 
cases, such as are furnished by the Vertebrates, the Chitons, the 
Nemertines, and the imperfect antimeres of Holothurians are 
spoken of as cases of “ dysmerogenesis.” The cases of oumero- 
genesis are divisible into those resulting in separation, with or 
without completion of parts, and those persisting as aggregations 
with more or with less completeness and differentiation of the 
“ meres.” 

The cases of dysmerogenesis are more difficult to analyse. 
Their obscurity and incompleteness may bo duo to re-integration 
following upon an earlier historical condition of eumcrogenesis, 
of which there is now no direct evidence (Chiton, Nautilus), or 
they may be cases in which raerogenesis sets in at an early stage 
of individual growth and development, but has never in any 
ancestral form persisted into adult life. In the last-named cases 
merogenesis has never been more than a transient phenomenon 
affecting the early stages of the individual, though it leaves 
obscure and puzzling results of its existence which persist even 
when full development is attained (^Vertebrates). 


7. Concerning the Ccelom. 

(a) Its historic definition. 

We designate by the name “ccelom” the cavity in Vertebrate 
animals often called the pleuroperitoneal cavity, to which Haeckel 
(see historical note below) originally applied the name, and for 
which he invented it. We further, as a necessary result of mor¬ 
phological theory, designate by the same name “coelom” the 
cavity or organ in other groups of animals which we consider to 
be genetically identical with the primitive pleuroperitoneal cavity 
of Vertebrates. “Coelom” is not a term to be used for any and 
every body-cavity other than the gut (as some eminent writers 
seem to suppose), but definitely designates a morphological element 
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of high importance. The numerous embryological and anatomical 
researches of the past twenty years seem to me to definitely 
establish the conclusion that the coelom is primarily the cavity, 
from the walls of which the gonad cells (ova or spermata) develop, 
or which forms around those cells. We may suppose the first 
coelom to have originated by a closing or shutting off of that 
portion of the general archenteron of Enterocoela (Coelentera) 
in which the gonads developed as in Aurelia or as in Cteno- 
phora. Or we may suppose that groups of gonad mother- 
cells, having proliferated from the endoderm, took up a position 
between it and the ectoderm, and there acquired a vesicular 
arrangement, the cells surrounding a cavity in which liquid 
accumulated. 

It is not of importance for our present purpose to decide be¬ 
tween these two possible origins. They only differ in the earlier, 
or later development of the cavity which the gonad mother-cells 
surround. 

In whichever of these two ways the cavity took its origin as a 
separate chamber distinct from the archenteron, it was a coelom, 
a primitive elementary coelom, and originated from the cells of 
the archenteric wall. 

Probably more than one pair of such coeloms were formed in 
the primitive Coelomocoela, and by their fusion (as occurs in the 
ontogeny of animals with paired coelomic pouches) gave rise to 
larger continuous cavities. 

The coelom is thus essentially and primarily (as first clearly 
formulated by Hatschek) the perigonadial cavity or gonocoel, 
and the lining cells of gonadial chambers are coelomic epithelium. 
In some few groups of Coelomocoela the coeloms have remained 
small and limited to the character of simple gonocoels. This 
seems to be the case in the Nemertina, the Planarians, and 
other Platyhelmia. In some Planarians they are limited in 
number and of individually large size; in others they are 
numerous. 

In the great majority of Coelomocoela the coelom has vastly 
extended its area and acquired secondary functions and a leading 
importance in the physiology and architecture of the animal. In 
the adult Echinoderma and Vertebrata, the coelom is (omitting 
secondary divisions) a single cavity of very large size, extending 
in every direction between the body-wall and the gut-wall, and 
occupied by a specialised fluid—the coelomic fluid. In the 
Ghsetopoda it has attained to similar dimensions and is distended by 
liquid so as to produce tension in the body-wall. In the Arthropoda 
(which are now generally regarded as traceable to Chsetopod-like 
ancestors) the coelom has shrunk back again to relatively small 
dimensions. It exists in them as the cavity of the gonadial sacs 
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and of certain excretory organs only.^ There is reason to believe 
that this small size of the coelom in the Arthropoda is not due.to 
a retention of the original small size of the coelomic sacs, but is 
to be ascribed to a swelling of another and independent liquid¬ 
holding cavity, namely, the blood-vascular or hsemal system which 
has filled up the space formerly occupied by a capacious cmlom. 


(^>) The theory of Phleboedesis—the Cixlom ai\d the HcemocoeL 

This swelling of the peripheral portions of the haemal system 
may be called Phlebcedesis, and the lacunar blood-holding spaces 
resulting from it form a “ Ha3mocoel ** which has no connection 
with the ceclom, but has to a large extent encroached on the space 
which once was occupied by ctelom and caused the reduction of 
that organ to perigonadial and epinephric remnants. 

In the Mollusca the cadom also appears to have undergone re¬ 
duction in volume. The pericardial cavity and the more or less 
extensive ramifications connected with it, as well as the gonadial 
sacs, are the coelom of Molluscs. Until recently (1885) it was 
erroneously su])posed that the pericardial system of the Mollusca 
contained blood. It does not; it is, on the contrary, entirely dis¬ 
tinct fiom the blood-system. In the more primitive Molluscs 
(some Neoraeniaj and Cephalopoda) the pericardial and perigonadial 
sections of the c(xdom are in continuity, and in them also the 
blood-system appears more completely developed in the form of 
cylindrical tubes or ‘‘ vessels than in other Molluscs. But in all 
Molluscs as in all Arthropoda- the process of Phleboedesis has 
taken place, and a voluminous, irregularly distended system of 
blood - spaces—a Hiemocoel—has suppressed and replaced to a 
large extent the ccelom. In Lamellibranchs the paired, widely 
ramifying tubes of the organ of Keber, leading out of the peri¬ 
cardial ccelom, appear to be the reduced representatives of a 
formerly voluminous coelom. 

It appears that neither in Arthropoda nor in Mollusca is 
there any breaking through of the swollen blood-cavities into the 
coelom. « 

Before the theory of Phleboedesis was established, it was 
supposed by many zoologists (of whom I was one) that the coelom 
and blood-system were of one common origin, and that in Mollusca 
and Arthropoda they were in open continuity, and, in fact, to a 
large extent undifferentiated. This has now been shown to be an 
erroneous view : the ccelom is distinct from the vascular system in 

' Possibly other remnants of tlic ccelom exist as spaces in connective tissue. 

* It remains to be ascertained whether the Copepod Cnistacean LernanthVopus 
with its tubular vascular system containing red blood is an exception or not. 
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origin and essential nature, and the two systems have not even 
secondarily acquired a connection with one another in either 
Arthropoda or Mollusca. 

It is, therefore, very much to be desired that there should no 
longer be any continuation of the confusion by the application of 
the word “cojlom” to the blood-sinuses of Arthropods or of 
Mollusca. 

The independence of the origin of the “ Inemal system or 
“blood-vascular system” appears cO be well established; but 
it is by no means so clear as to what is the history of the first 
beginnings and subsecpient development of the hiemal system in the 
animal series, as might be suj^posed. AVhilst we are able to form 
some conception of the probalde history of the vicissitudes of the 
cadom from its first appearance to its present condition in the 
various phyla of C(elomoc<tda, we find that few, if any, attempts 
have been made to trace out the history of the hamial system 
in the same scries. It is probable that it is one and the same 
morphological entity, which we recognise as the blood-vascular 
system or hiemal system, in A^crtebrata, Mollusca, Arthropoda, 
Cduetopoda, Nemertina, Jind Echinoderma. Its function is essen¬ 
tially the absorption an<l distribution of chcmiciil substances im¬ 
portant in the life of the tissues, among the first of these being 
oxygen gas. How could such a system originate'? As ramifying 
capillary channels or as simple longitudinal trunks'? It is certain 
that the wails of simple blood-vessels, and the blood itself, are 
closely related in nature to the connective tissues, and in some 
cases they have been shown to be develo])ed from such tissue. 
Possibly the earliest vascular system was j)recedcd l)y solid rami¬ 
fying cords of connective tissue, which performed absorptive and 
distributive chemical functions even though not yet tubularised 
and differentiated into liquid content and enclosing wall. AVe 
have no conclusive reason for sup[)Osing that the havmal system 
must have taken origin within the grade of Codomoci.cla. It is 
q\ute possible that we have to look for its origin in the lower 
grade of Knterozoa—the Enterocoda. This is a subject upon 
which much speculation is |)ossible, but to which little serious 
attention has as yet been given. That the hamial system is 
connectetl in origin with a space which often arises between the 
two primitive cell-layers of the embryo (the blastoc<ol) has been 
suggested on the ground of certain embryological observations, 
but the embryological facts are not in themselves conclusive as 
to the ancestral arrangements of the parts in question. This 
question is further considered below under the section “ C(elom and 
Mesenchyme.” 
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(r) Interctmimunicaiioii of CWlom a)ul Blood-vascular Si/stew, 

To return to the C(eloni. Whilst there is no direct communi¬ 
cation between that cavity and the ha>mal system in Arthropoda 
or Mollusca, yet such a communication docs occur in two import¬ 
ant groups of Cielomoccela. In the Vertebrata the lymphatic 
vessels are in more or less direct communication with the cu*lomic 
cavity, and also open into the haiinal system at more than one 
point. The condition in Ainphioxus, as tlescribcd by Schneider, is 
such as to give a very free communication between the vascular 
system and the codomic space at the base of the hepatic ciccuin. 
It would be desirable that the existence of this connection in 
Ainphioxus should be inquired into again, though there seems to 
be little doubt as to its existence. 

Among the Cluetopoda two very striking facts as to the fusion 
of cadom and hivunal system have been recognised. The first is 
the breaking up of the luemal tissue in Olyecra and the Capitellida* 
in such a way as to result in the total disappearance of the hamial 
system as a series of vessels whilst its cell-elements remain as 
corpuscles coloured red by ha3moglobin and floating in the c<idomic 
fluid. The second is the assumption in certain of the Leeches of 
a canalicular form by a large part of the coelom and the junction 
of the canals so formed with the true luemal system by means of 
capillaries. A remarkable fact is that portions of the codom (the 
jierigonadial portions) are shut oil from this combination. AVe 
thus obtain in the Leeches in <picstion a uniform fluid, impregnated 
in most cases with luemoglobin, circulating in vessels some of 
which arc of hteraal and others of codomic origin. The fact that 
such a free intercommunication exists has been lioth asserted and 
denied, but the most recent careful investigations (Goodrich, Quart. 
Journ. Micr. 8ci. 1899, vol. xlii. p. 477) leave no doubt that it really 
obtains. So long as it was held that cadom and hiemal system were 
one in origin, and that a fusion of the two obtained in Mollusca 
and Arthropoda, the case of the Leeches did not appear singular. 
But our present conception as to the com})lote independence of the 
two systems in origin, and the knowledge that they do not inter¬ 
communicate in either Mollusca or Arthropoda, renders it desirable 
that we should have, if possible, a greater certainty than wo have 
at present as to the developmentJil origin of the channels which 
arc ascribed to crelom in such Leeches as Hirudo. The evidence 
appears to be in favour of their ccelomic origin, but it is just 
possible that they are not cojlomic. In Acanthobdella and also in 
Clcpsine (the former of which is to be regarded as an archaic form) 
the hfcmal system is entirely closed and coexists with a well- 
developed crelom into which it does not open. 
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(d) The Cudom and Excretory Organs. 

The physiological significance of an increase of size of the 
original coelomic sacs is not difficult to suggest. Whether in the 
presence or absence of a haemal system the accumulation of a 
(juantity of organised liquid in cavities (or in a single cavity 
formed by the fusion of two or more original ccelomic sacs) must 
have considerable physiological significance. The coelomic fluid 
and the coelomic epithelium, as well as the floating corpuscles 
derived from that epithelium, acquire special properties and im¬ 
portance over and beyond the original functions subservient to 
the maturation of the gonadial cells. The mechanical significance 
of this liquid-holding chamber and its erectile function, similar to 
the erectile function of the archentcric cavities in such Anthozoa 
as the Pcnnatulids, arc noteworthy; but the most important 
developments of the cadom are in connection with the establish¬ 
ment of an exit for the generative products through the body-wall 
to the outer world, and further in the specialisation of parts of 
its lining epithelium for renal excretory functions. 

In the Enterocd'la the generative products either escape by 
ruj)ture of the body-wall outwardly, or are liberated into the 
archenteron, and so escape by the mouth. Even in the Entero- 
co‘la ])orcs exist in many forms which permanently place the 
peri[)heral parts of the archenteron in direct communication with 
the exterior ; but these })ores do not serve as ])assages for the 
generative products (aboral pore of Peachia, tentacle pores of 
Actinians, and ])olar i)ores of Ctenophora). Though in some 
cases the generative products of the Codomocoda escape from the 
coelom by rii])turc of the body-wall, yet the existence of paired 
apertures right and left, serving for the exit of the genital pro¬ 
ducts from the codomic sacs, must be regarded as a very early 
feature in the history of the Codomocoela. These apertures are 
not formed by an invagination of the ectoderm, but by an out¬ 
ward, often tube-like growth of the coelom itself. They become 
specialised in many groups in the form of more or less coiled 
canals, and require to be recognised by a distinct name. I propose 
to call them coelomoducts,^ Frequently they are furnished with 
trumpet^shaped or funnel-like internal mouths. Such funnels are 
termed ccelomostomcs. They exist where the coelom is large and 
spacious, and the gonad (ovary or spermary) is not specially en¬ 
closed in a duct-forming sheath, shutting it off from the rest of 
the coelom (a shutting-off which does take place in the Leeches 
and Eudrilid Earthworms, and also in Echinoderms and many 

* Tliere is no convenient Greek etinivalent for “ duct,” and I hold that we are 
therefore justified in coining such hybrid words as “coelomoduct,” “gonoduct»” and 
** uroduct.” 
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Teleostean Fishes). Such fiinuel-like ca?lomostomes are developed 
on the cadomoducts of the ovarian and spermarian segments of 
the Earthworms and in many Chietopoda, also in Vertebrata 
(peritoneal funnels of the reno-genital system) and in some Mollusca 
(reno-pericardiac funnels). The ccelomoducts and the gonoccels, 
of which they aie a pait, frequently acquire a renal excretory 
function, and may retain both the function of genital conduits and 
of renal organs, or may, where several pairs are present (meta- 
merised or segmented animals), subserve the one function in some 
segments of the body, and the other function in other segments. 
Again in some Mollusca (Gastropoda) it appears that the renal 
function may bo developed by the cadomoduct and gonocojl 
of the right side, and the oviducal or seminiducal function by 
those of the left side of the body. This very general assumption 
by some or all of the primary gonocads and cudomoducts of renal 
excretory functions has led to a confusion of these structures 
with the primitive ectodermal excretory tubes, which are best 
distinguished by the name “ nephridia.’^ The typical ‘‘nephridium” 
to which the name was originally given (see Lankester, Quart. 
Journ. Micr. Sci. 1880), is the so-called “segmental organof the 
Earthworm. This occurs as a pair of minute coiled tubes in each 
segment of the worm’s body. Nephridia are distinguished by 
their independent origin, each from a single superficially ])laced 
cell which often is seen to be derived from ectoderm, and probably 
must be traced to that layer even when it appears as part of the 
mesoblast. They are also distinguished by their structure, which 
is primarily that of a number of perforated or drain-pipe cells, 
placed as it were end to end. It is not necessary to suppose that 
this uniserial cellular structure is absolutely diagnostic of nephridia, 
but it seems not improbable that it is so. 

Instead of being, as was supposed, the common origin of 
the renal organs of all the Coelomocoela, it now appears (see 
especially Goodrich’s series of memoirs in the Quart. Journ. Micr. 
Sci. 1897-1900) that the nephridia are a primitive form of 
excretory organ which have been replaced in the higher groups 
of Coelomoccela by uropoiitic coelomoducts. True nephridia are 
only found in the Platyhelmia, Nemertina, Rotifera, Chajtopoda, 
and in embryonic Mollusca (primitive kidneys of Pulmonata and 
Lamellibranchia). 

The tubular organs, whether renal or genital in function, which 
have been identified of late years (by myself and others) with 
nephridia, such as the kidneys of Mollusca, the segmental excretory 
ducts of Peripatus, the genital and excretory ducts of Arthropods, 
and the peritoneal funnels and tubules of Vertebrata, are all 
coelomoducts and not nephridia in the true sense of that word. 
A very special cause of the error of those who first attempted to 
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establish a theoi y of the uniform origin of ,the renal organs in 
all Co3lomoca*Ia from nephridia, is that the nephridia, though 
primarily superficial and ectodermic, du acquire an internal open¬ 
ing into the ca*Iom in the Chastopoda. The funnel-like internal 
mouth (nephridiostome) which they often but not always develop 
under those circumstances is part of the same chain of cells which 
form the nephridial tube. Moreover, Goodrich has shown that the 
nephridia which thus penetrate to the cadom in Cha3topoda, 
may acquire most intimate relations to the ccelomoducts and their 
ctelomostomes. In the marine forms (Polychaita) this associa¬ 
tion leads to the formation of complex organs consisting partly 
of cfclomoduct with ccelomostome and partly of nephridium. 
These remarkable facts have only recently come to light, and 
readily explain the confusion which has hitherto prevailed between 
the ectodermal nephridia and the coelomic ccelomoducts. 

8. Thk History of thk term Ciklom and the Theories 

CONNECTED WITH IT. 

(a) From llaecicd, 1872, to the Hertwigs, 1881. 

The word **coelom” was introduced into mor[)hological science 
by Haeckel in 1872. In the first volume of his “ Kalkschwiimme,” 
p. 468, Haeckel writes as follows :—‘‘Die wahre Leibeshbhlc welche 
bei Vertebraten gewohnlich Plcuropcritoncalhbhle genannt wird, 
und fiir welche wir statt dieses nennsyllngcu Wortes die 
bequemere zweisylbige Bczcichnung Coelom {to KoiXiofxa, die 
Hohlung) vorschlagen, findet sich nur bei den hoheren Thierstam- 
men bei den Wurmern, Molluskcn, Echinodermen, Arthropoden 
und Vertebraten.” 

According to the theoretical conception which was justified by 
the imperfect knowledge of embryological facts of that time, 
Haeckel regarded the coelom as a space formed by a “ split ” in 
the blastoderm dividing the middle cell-layer into two secondary 
layers. According to this view the outer of these, the dermal 
fibrous layer (Hautfaserblatt), adheres to the ectoderm to form 
the fibrou.s and muscular layer of the body-wall; the inner, the 
intestinal fibrous layer (Darmfaserblatt), adheres to the endodermal 
lining of the gut to form the fibrous and muscular part of the 
gut-wall. It was natural and justifiable to provisionally identify 
with the Vertebrate split-space thus formed and distinguished as 
“ the coelom ” the chief cavity lying between gut-wall and body- 
wall in Mollusca and Arthropoda, as well as the similarly situated 
cavities of Cheetopoda and Echinoderma. The hypothesis as to 
the origin of the coelom was that it was formed by the accumula¬ 
tion of nutrient fluids which passed through the wall of the 
alimentary canal. Thus Haeckel erroneously identified the dis- 
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tended blood-spaces of Mollusca and Arthropoda with the 
Vertebrate ccelom, whilst he correctly identified with it the great 
body-cavities of Chsetopods and Echinoderms. 

The word “coelom” was adopted by Haeckel’s friend and 
colleague in the University of Jena, Carl Gegenbaur. In the 
second edition of his masterly treatise, the “Grundziige der ^er- 
gleichenden Anatomie” (English edition 1878, p. 367), Gegenbaur 
says in regard to the coelom of Mollusca: “ As a rule the vascular 
system is freely connected with the ccelom, which therefore forms 
a portion of the haemal system.” 

And again, in relation to the ccelom of Arthropoda, he writes 
(p. 278 of the same work): “The coelom is fciuul in all the 
Arthropoda, and forms a portion of the blood-vascular system, so 
that the peri-enteric fluid found in many Vermes as a fluid ditterent 

from the blood, is represented in 
the Arthropoda by the blood 
itself.” 

The first of the series of observa- 
^ tions, which have ultimately led 
^ to a view as to the essential nature 
of the coelom diflerent from that 
of Haeckel and Gegenbaur, already 
existed before the word ccelom 
■^1 itself was coined. As far back as 
1864 Alexander Agassiz (Embryo- 
logy of the Starfish, in Contri¬ 
butions to the Natural History 
of the United States, vol. v. 1864) 
showed in his account of the de¬ 
velopment of Echinoderma that 
the ;great body-cavity of those 
animals developed as a pouch-like 
Fig. 4.—Larva of balamoolossijs in outgrowth of the archeiiteron of the 

SAoirrAL Section TO H»iowTHF.ORi(nN embryo (see Fig. 2) whilst a second 

OF THE CtKLOM AS TllREE PAIRS OF ®.' 

£ntero(xf.i«ous fovches. outgrowth gave rise to their ambul- 

Ci, anterior, Cn, iiiiUtiie, Cm, poHtorior acral system j and in 1869 Metsch- 



p»irH of celomic jiouciie. ; rf. orciieii- nikoff (Mem. de I’Acad, Imperiale 

And iieider.) dcs Sciences de St. Petersbourg, 

series vii. vol. xiv. 1869) con¬ 
firmed the observations of Agassiz, and showed that in Tornaria 
(the larva of Balanoglossus) a similar formation of body- 
cavities by pouch-like outgrowths of the archenteron took 
place (Fig. 4). Metschnikoff has further the credit of having, in 
1874 (Zeitsch. wiss. Zoologie, vol. xxiv. p. 15, 1874), revived 
Leuckart’s theory of the relationship of the codenteric apparatus 
of the Enterocoela to the digestive canal and body-cavities of 
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higher animals. Leuckart had in 1848 maintained that the 
alimentary canal and the body-cavity of higher animals were 
united in one system of cavities in the Enterocoela (Verwandtschafts- 
verhiiltnisse der wirbellosen Thierc, Brunswick, 1848). Metschni- 
koff insisted upon such a correspondence when comparing the 
Echinoderm larva, with its still continuous enteron and coelom, to 
a Ctcnophor, with its permanently continuous system of cavities 
and canals. Kowalewsky in 1871 showed that the body-cavity of 
Sagitta was formed by a division of the archenteron (Fig. 5) into 
three parallel cavities, and in 1874 demonstrated the same fact for 
the Brachiopoda (see Fig. 3). 

In 1875 (Quart. Journ. Micr. Sci. vol. xv. p. 52) Huxley 
proposed to distinguish three kinds of body-cavity : the schizocoel, 



Fui. .'i.—TlIUKK STA<ii:s (A, H, CJ) in TIIK 1»E\ Kl.orMKXT <IE SaCITTA to show Till'. Okioin 
OK THE ('OILOM AS A PAIK OK KnTEHOC<KIA)US POUCIIES. 

?», mouth ; «/, alinuuitary canal; <0*, archenteron ; W.j), hlastoiH>i*e; 7)1’, co*lomic pouch ; 
no, Mp, epithelial wall of the same pouch ; >jf, gonatl cells. (After Butschli and Kowalewsky, 
from Balfour.) 


formed by a splitting of the mesoblast, as in the chick^s blasto¬ 
derm ; the enteroccel, formed by pouching of the archenteron, as 
in Echinoderms, Sagitta and Brachiojioda; and the epicool. This 
last name he applied to the atrial chamber of Tunicates and to 
a supposed chamber in Amphioxus, the existence of which he was 
led to believe in, by the examination of ill-preserved specimens. 

Immediately after this I put forward the theory of the 
uniformity of origin of the coelom as an enterocoel (Quart. Journ. 
Micr. Sci. April 1875). I pointed out that inasmuch as it had 
been shown in many cases that the mesoblast is derived from the 
hypoblast (wall of the archenteron), it might well be supposed 
that the splitting of the mesoblast is only a delayed formation of 
the Imnen of the cnterocoelous pouch : that in fact the mesoblastic 
somites and solid paired masses are only enterocoel pouches in a 
solid condition, destined after a brief delay to open out as pouches 
or sacs. My theory of the coelom as au enterocoel was accepted 
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by Balfour, and was greatly strengthened by his observations on 
the derivation of both notochord and mesoblastic somites from 
archenteron in the Elasmobranchs, and by the publication in 1877 
by Kowalewsky of his second paper on the development of 
Amphioxus—in which the actual condition which I had supposed 
to exist in the Vertebrata was shown to occur (see Figs. 6, 7, and 
8), namely, the formation of the mesoblast as paired pouches in 
which a narrow lumen exists, but is practically obliterated on the 



Fio. 7. 



Fio. 8., 


Fios. 6, 7, 8 .~Tran8veiise Sectiohb or 
THE Body or three Larvjb or 
Amphioxus at Successive Stages 

or DBVBLOPMBMT IK -ORDER TO SHOW 
THE ORIOIH op the OeLOM AS 
PAIRED EeTEROCCELOUS PoUCHEB. 

Fio. 0 shows the coelomic pouches 
{Ih) as ])art of the enteric wall. 

Fio. 7 shows them nipped off as 
closed sacs. 

Fio. S shoi^ them pushing their 
way between eeioderm and endoderm; 
the right'hand sac has divided into an 
upper “ iriyocal ’’ and a lower “ splanch- 
noccel.” akt ectoderm, iJk, endoderm, 
ml;, mJflf epithelium of the ooc- 
lomic wall; Ih, coelom; mp, foundation 
of the nerve cord; n, nerve cord ; eh, 
notochord; us, inyocoel; dh, gut (After 
Hatschek, from Hertwig.) 


nipping off of the pouch from the archenteron, after which process 
it opens out again as coelom. 

The chief difficulty which my theory of the uniform nature of 
the coelom had to encounter was in bringing the cavities con¬ 
sidered to be “ coelom ” in the Mollusca and the Arthropoda into 
the scheme. At this time I accepted, in common with most embryo¬ 
logists, the view of Haeckel and Gegenbaur, that the irregular 
and more or less spongy space holding blood in those animals is 
in reality the coelom, and as a part of that interpretation I accepted 
the theory that the blood-vascular system is itself only a part, of 
the coelom cut off from it and specialised in most cases^ but con- 
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fluent with it in the Mollusca and the Arthropoda. Guided by 
this erroneous view, I suggested that the reduction of the entero- 
coelous pouches of mesoblast might proceed further than solidifica¬ 
tion ; the process of simplification might well be supposed (I 
suggested) to go on to the reduction of the number of the cells 
detached from the archenteric wall, so that eventufilly a coelom 


Fioh. i>, 10, nntl 10 &U—Tiirek Vik\v« of a Yoi’nc; 
EMBRVO of the M 0 LLU 8 C PlBIDIUM PUBILLI M. 
FlU. 0 l.S VIEWED FKOM THE iSUKFACE AND 8IIOWS 
THE ECTODKllMAL (epillltLst) CeLI^. FlO. 10 
SIIOWH THE SAME EmHIIVO IN Ol'TirAL MeDiAN 

Section, whilst Fig. \0hig snows a focussing 
TO A Plank just hf.low the Epiblastio Layek. 

Thfl inva^iiiato<l arohenteric sac (hypoblast)./!// 
is seen at oiio iiotiL Closuly a]i]ilie<l to the iiinlcr 
surface of th«{ epiblnstic layer are imiiieroua branched 
cells, vif ; similar cells (yO apis^Tr to be oriKinating 
by cell-division from tlie wall of the archeiiteron. 
The cells vie and y» are “ mesenchynie." Possibly 
unions them, neiir to the archcnteric wall, are the 
mother-cells of tlwi codoiuic pouches. (After Lan- 
kester, from Balfour.) 



I’m. t». 



might be formed by a few wandering cells, or even a pair only of 
such cells, detached from the archenteric wall, and creeping over the 
ectoderm and endoderm in the space between them which often is 
enlarged to form a blastocoel. Such cells do occur in Mollusca 
(Cyclas,^ Lymnaeus, Paludina), and probably have to do with the 
formation of blood-vessels and blood and other skeleto-trophic tissue, 
though their history has not been traced (see Figs. 9,10, and lObis). 

^ See Lankeeter, ** Development of Mollusca,” Phil. Trans. 1873. 
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It is, I think, now certain that they have nothing to do with the 
formation of coelom. 

On the other hand, later researches, those of Hatschek on 
Polygordius (see Fig. 11), have confirmed the importjint view, 
which I deduced from Kowalewsky’s account of the origin of 
the mesoblast in Liimbricus, namely, that the first rudiment of 
the coelom, instead of detaching itself from the archentcron as 
a pouch or even a solid mass of cells about to split, may separate 
from the archenteric epithelium as a single pair of cells, which 
take up their position in the blastoccel (space between ectoderm 
and endoderm) in this state of naked simplicity (Fig. 11, A\ and 



Fio. 11.— Transverse Sections of the Larva of the Ch.^topod PoLvoounirs to show 
THE OUHilN OF THE CCECOMIC PoUCHES FROM TWO PlllMARV CELLS DETACHED FROM THE 
Archenteric EriTHEi.iuM. 

A, section of an unsegineiiteil larva, just in front of the anu.s, showing ref, ectoderm, 
cmh eii(lo<lerm, and the two primary mother-cells of tho ccelom. section of an 
older larva inwr the tail, vn-a, the cadoiiiic rudiments formed by tho division and growth 
of the primitive ca-lomic cells; a, forecast of the nerve cord. C, section of the same larva 
neanT the head. The splanchnic (sj>) and somatic (.w) walls of the cadom have divergtsl 
from one another fonning the coelomic cavity. 71, forecast of nerve cord. (After Hatschek, 
from Korschelt and lieider.) 

then proceed to multiply so as to form a solid mass of cells right 
and left (Fig. 11, B), and finally open out as two well-developed 
coelomic sacs (Fig. 11, C). This is a fine typical instance of 
‘‘ precocious segregation,” the original right and left coelom cells 
moving away from their proper and ancestral position in the 
series of archenteric wall-cells at an astonishingly early period, 
instead of waiting until they have formed a complete coelomic 
sac. 

The first important attack upon the theoretical identification 
by Haeckel, Gegenbaur, and myself of the blood-space of Mollufca 
with the coelom is due to the brothers Hertwig, who in their 
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interesting work, Die Coelomtheorie (Jena, 1881), definitely denied 
to this space the nature of coelom. They called it ‘‘ pseudocoel,” 
and in the same category they placed the body-cavities of the 
Rotifera, the Polyzoa, and the intercellular spaces of the paren¬ 
chyma of Platyhelmia. The remaining groups of animals (exclusive 
of the Coelentera of Leuckart) they credited with the possession of 
a true coelom, which they considered as being always an entero- 
ciel in origin. 

The Hcrtwigs thus practically accepted my theory of the origin 
and nature of the true coelom, but rightly refused to include in 
this category the blood-holding space of the Molluscs. If I proceed 
to point out where they were mistaken it is in no spirit of 
reproach, for their work has in this and again in the history of 
the fertilisation of the egg-cell been of capital importance. It is 
necessary, as we push our way through the dark, to make mistakes 
and entertain erroneous hypotheses which, with the increased know¬ 
ledge of fact due to the work of a vastly increased body of 
observers, give way to new conceptions in accordance with our 
improved understanding of the phenomena before us. 

The Hertwigs failed to recognise the existence of the true 
“ coelom in Mollusca, viz. the pericardial, perigonadial, and renal 
sacs. Further, they did not recognise that the cavitary system, which 
they called “ pseudocoel ” in Mollusca (with, it is true, considerable 
reservation as to its actual nature), is merely the blood-vascular 
system in a swollen condition. They also associated under the 
name “ pseudocoel ” various spaces in other animals which have 
nothing in common with one another or with the hjemocoel of 
Mollusca. Lastly, they maintained (as it now appears erroneously) 
the coelomic nature of the haemocoel of Arthropoda as taught by 
Haeckel and Gegenbaur, and as at that time accepted by me. 

The Hertwigs, in the historical retrospect at the close of their 
volume Die Coelomtheorie, i)ay generous tribute to the work of Eng¬ 
lish anatomists in establishing a true theory of the ccelom. They 
sfiy: “ Wahrend in England, wie uns der geschichtliche Ueber- 
blick gezeigt hat, die Entdeckungen von Agassiz, Metschnikoff und 
Kowalewsky auf einen fruchtbaren Boden gefallen waren und Mor- 
phologen wie Huxley, Lankester und Balfour zu weittragenden 
und zum Theil gliicklichen Speculationen veranlasst hatten, ist auf 
diesem Gebiete in Deutschland keine Bewegung in das Leben 
gerufen und eine Weiterbildung der besprochenen Theorieen nicht 
versucht worden.” 

(6) Progress in the Understanding of the Ccelom from 1881 to 1896. 

Whilst the conception of the ccelom as essentially an entero- 
ccelous pouch, nipped off from the archenteron, is admitted to be 
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due to English morphologists, the later developments of our know¬ 
ledge as to what is and what is not coelom ” are very largely due 
to the same school. 

In 1881 I undertook an investigation of the blood-systems of 
both Mollusca and ArJbhropoda, at that time held by me and by 
nearly all other morphologists to represent coelom, either in con¬ 
sequence of the confluence of two systems at one time separated, 
or by survival of an undifferentiated condition. 

At that time the pericardium of the Lamellibranchia in par¬ 
ticular, and of all other Mollusca by implication, was held to be a 
blood space in communication by veins with the general blood- 
system. In Anodon the apertures of these veins were pointed out 
in text-books of Comparative Anatomy on the anterior wall of the 
pericardium. I found that the fluid in the pericardium of Anodon 
is not blood, and that the so-called apertures of veins on its wall 
are the apertures of a remarkable branching tubular system (form¬ 
ing, in large part, the organ of Keber, but extending far beyond 
it). I found, further, that in Gastropoda the pericardium does 
not contain blood. The red-blooded Lamellibranch, Solen (Cerati- 
solen) legumen, which has oval corpuscles coloured by haemoglobin 
in its blood, appeared to me likely to furnish a valuable case for the 
study of this question. One of my pupils, Mr. Penrose (British 
Association Reports, 1882), and subsequently I myself (Zoologischer 
Anzeiger, 1884), examined Solen legumen in the living condition, 
and also by means of sections, and established the fact that the 
red blood never enters the pericardial chamber, and, further, 
that no blood is exuded from the animars body (by pores or 
otherwise) when it rapidly retracts the foot after previous 
expansion. Other investigations which I had commenced in 1867 
on the renal organs of Patella were resumed, and led me to the 
conclusion that the pericardial space of Mollusca is not a blood 
space, and that it is in communication with the renal sacs by 
ciliated reno - pericardial apertures (often funnels) which lead 
through the renal sacs (“uroccels,” according to our present 
nomenclature) to the exterior. I thus came to the conclusion that 
the pericardial chamber (and its Keberian tubules in some Lamelli- 
branchs), together with the gonad sacs, which in Neomenia and 
Cephalopoda communicate with the former, are the real coelom of 
Mollusca. At first I adhered to the dominant theory that the 
blood-holding space is a/so to be regarded as a part of the coelom 
but shut off from it. But a subsequent consideration of the blood- 
system of the Arthro]>oda, and of the fact that the more primitive 
Mollusca (the Polyplacophora and the Cephalopoda) have well- 
developed tubular blood-vessels largely developed, led me to put 
forward the theory of Phleboedesis. According to this theory, 
the true coelom is present in a reduced form in both Mollusca and 
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Arthropoda, whilst the blood-holding spaces, henceforward to be 



called hssmocoel,” which have been erroneously considered to be 
parts of the ccelom, are in reality swollen blood-vessels. 
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A stop precedent to the development of the theory of Phleboj- 
desis AViis the recognition of the fact that the green glands and 
“shell glands” of Crustacea, the coxal glands of Limulus and 
Scorpio, and the generative ducts of Arthropoda generally, belong 
to that same system of cadoinic exits or ducts to which the renal 
organs of Mollusca belong. To these we now give the name 
“ iirocads ” and “ cudoniodiicts ” (see below as to this nomen¬ 
clature), and distinguish them from the true nephridia of the 
Earthworms and rlatyhcliuia, though they, were until quite 
recently all spoken of by the one term “nephridia.” Various 
anatomists have contributed to the establishment of the fact that 
the tubular glands at the base of the antennae in Crustacea are 
connected internally with a frc<]ucntly very extensive cavity quite 
distinct from the blood space (Marchal, Coniptes Kendus, cxi. 12, 
and cxi. IG ; and AVeldon, Quart. Jour. JMicr. 8ci. vol. xxxii. 1891, 
p. 279 ; and Journ. Mar. Biol. Assoc, vol. i., New Scries, 1889-90). 
The gonadial sacs of Arthropoda, like the gonadial sacs of Mollusca, 
must be regarded as representing a {)ortio!i of the cadom, and the 
cavity into which the other similarly placed diuds open is also in 
all probability codom. The Idood system need not, therefore (I 
argued), be considered as in any way representing cadom; it is 
probably only a dilated swollen blood-vasc\dar system 'which has 
“ crowded out ” a good deal of the pre-existing codomic chamber 
or chambers. In 1885 I had arrived at these views, and indicated 
them in a note to a ]>aper by my pupil, Dr. Gulland, “ On the 
Development of the Coxal Gland of Limulus” (Quart. Jour, of 
Micros. Sci. 1885, p. 515). At this time Mr. Adam Sedgwick, of 
Cambridge, was working at the later stages in the development 
of Peripatus, and early in 1887 announced to tlie Cambridge 
Philosophical Society a discovery of the utmost importance in 
regard to the whole question of the relation of ccelom and vascular 
system in the Arthropoda. Mr. Sedgwick showed that the ccelom 
of Peripatus capensis is developed as a series of paired cavities in 
the mesoblastic somites derived from the wall of the archenteron. 
These paired coelomic cavities and the axial meteriteric cavity are 
at one time the only spaces to be observed in a transverse section 
of Peripatus (Fig. 13, A), The paired coelomic cavities proceed 
to divide each into a dorsal and a ventral portion (Fig. 13, (7). 
The dorsal portions form the perigonadial cadom, whilst the 
ventral portions give rise to the renal tubes and end sacs 
(epinephric coelom), which have hitherto been spoken of by Balfour, 
Sedgwick, myself, and others as nephridia, but should no longer be 
identified with the excretory tubes of 01igoch®ta and Platy- 
helmia, to which the name “nephridium” was originally applied 
by me, and for which alone it should be reserved. The renal 
coelomic tubes of Peripatus must be classed as “urocoels,” pro- 
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vidcd with their own proper “ ccelomoducts/^ being excretory 
modifications of the primary exits or ducts of the coelom, which 
served in the ancestral cadomocoelous animal as exits for genital 
products. 

Whilst the dorsal divisions of the coelomic sacs of Peripatus 
arc moving upwards towards the mid-line of the back, a space 



Fio. 13 .— Toansversk Sections siiowinc the hreakinu up of the Cielom, and the 

DEVELOPMENT OF THE U.EMOCtEL IN PeRIPATUS. 

y|, section of a young embryo, in wliich tlie only cavities present are 1, the gut or 
metenteron, and 2, the coelom in the fonn of a iKiir of pouches (in each segment) derived 
from tlit 3 wall of the primitive archenteron. /i, section of a later embryo showing the 
division of the cadom on each side into a dorsal and a ventral cavity (2, 2), and the 
appearance of the Ineinocfel as three longitudinal cavities (8, 8, S). C, section of a later 
embryo; the dorsal cavities of the coelom have migrated to the dorsal mid-line; the 
ventral sacs acipiire such an opening to the exterior. D, section of a still later embryo. 
Tlie dorsal ]>ortions of cMclom (2) become the gonads (gonocoels); the ventral iKiitions 
(2') become urocoels with end-sacs (the so-called segmental organs usually, but errotie- 
ouNly identified with ** nephridia"). The hfiemocoel shows a division into several com¬ 
partments ; the heart (S') has made its appearance. The nerve cords ( 4 ), already visible 
in r, are well developed, and portions of the slime-glands ( 5 ) are seen in section. (After 
Sedgwick, flrom Sedgwick’s Text-book of Zoology.) 

begins to make its appearance between the body-wall and the gut- 
wall, and rapidly increases in volume (Fig. 13, 3). This is the 

blood-space or hssmocoel. It is of very great importance that we 
should have minute and repeated examination of the development of 
this space in various Arthropoda, since light will thereby be thrown 
on the primitive lines of historic development of the blood-vascular 
system. From Mr. Sedgwick’s description of the origin and 
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subsequent development of this space in Peripatus, there can cer- 
tainly be derived some justification for the view (which has from 
time to time been expressed by various morphologists) that a space 
between primitive endoderm and ectoderm formed by the accumu¬ 
lation of liquid in that position, and spoken of as the “ blastoccel, 
is the origin, the point of departure, so to spCcak, of the blood- 
vascular system. We cannot, however, consider that this ques¬ 
tion has been yet brought to a probable solution. Whatever its 
ancestral origin, it is abundantly clear from Mr. Sedgwick^s draw¬ 
ings and statements that the haemocoel thus formed is entirely 
independent in its origin of the ca3lom, with which it never 
acquires any kind of connection. Observations tending to extend 
Sedgwick's discovery to the embryological history of Crustacea 
and some other Arthropoda have been made since his publication 
by other observers (see Allen, Quart. Jour. Micr. Sci. vol. xxxiv. 
1893, p. 403). 

At the meeting of the British Association in Manchester in 
1887—having been confirmed by Sedgwick's demonstration in the 
speculations to which I had been led by the consideration of other 
facts—r formulated a general theory of the origin of the hiemocad 
of both Mollusca and Arthropoda by an excessive swelling of the 
iion-arterial portions of the vascular system which, in an earlier 
ancestral form, had been provided throughout with tubular capil¬ 
laries and veins. A report of this communication appcfired in 
“ Nature ” of March 1888, and was reproduced with some additional 
remarks and a diagram (Fig. 12) used on the occasion of the 
original communication, in the Quart. Journal of Micros. Science, 
1893, vol. xxxiv. p. 427. This theory I now call the theory of 
Phleboedesis. 

As stated in the paper above cited, the theory thus named is 
as follows:—“That the system of blood-containing spaces pervad¬ 
ing the body in Mollusca and in Arthropoda is not, as sometimes 
(and indeed usually) supposed, equivalent to the coelom or peri¬ 
visceral space of such animals as the Chaetopoda and the Verte¬ 
brate, but is in reality a distended and irregularly swollen 
vascular system—the equivalent of the blood-vascular system of 
Chsetopoda and Vertebrata.” The name haemocoel was proposed 
by me for this phlebcedetic space or cavity, and was subsequently 
adopted by Sedgwick in his detailed account of the development 
of coelom and blood space in Peripatus. At the same time I 
showed from injections and silver impregnations of Anodon, 
Cephalopods, Astacus, and Limulus, that true capillaries are in 
certain regions of the body in both Mollusca and Arthropoda 
more largely developed than is generally supposed. I showed 
that the far-spreading tubules of the organ of Keber in Molluscs, 
and probably also a system of spaces in the connective tissues of 
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Afltaciis and of Limulus, should be regarded as remnants of the 
coelom, the bulk of which has been filled up by swollen blood¬ 
vessels, leaving only epinephric and gonadial sacs in the Arthro- 
poda, pericardial and gonadial sacs in the Mollusca. 

Some years later my assistant, Dr. Bonham, now Professor in 
Dunedin, New Zealand, described (Quart. Jour. Micr. Sci. xxxix. 
1896) a condition of the blood-vessels in the Chaetopod Magelona, 
which is parallel to that through which the vessels of ancestral 
Molluscs and Arthropods must have passed. Phleboedesis is carried 
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Fio. 14 .--Tran8Ver8e SEcnoxr of the Thoracic Region of the CMiCTOPOD Magelona 

TO SHOW THE SWELLING OF THE BL00D<V£8SELS AND CONSEQUENT REDUCTION OF THE 

CCBLOM. 

n.v, dorsal vessel; (?, gut; JNT, nerve coni; V.r, ventral vessel greatly swollen, 
filled with a peculiar corpusculated blood; tor.er4, lateral extension of Uie same; or, 
coelom; l.v, Uteral vessel; l.m, longitudinal muscles; circ, circular muscles; obt, 
oblique muscles; dor.v.m, dorso-ventral muscle. (After Denham.) 

to such a point in Magelona as to extinguish to a large extent 
the proper coelomic cavity (see Fig. 14). This observation seems 
to be of importance as showing the tendency to Phleboedesis in 
Chsetopods among the ancestors of which the ancestors of both 
Mollusca and Arthropoda are in all probability to be sought. 
When we remember further that in some Ghoetopods the cells 
which should form the blood-vessels and the blood, may actually 
break up altogether and give rise to floating haemoglobinous 
corpuscles with a total absence of blood-vessels (Olycera and 
Capitellidss), we must admit that it is not surprising that the task 
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of tracing the origin and history of the blood-vascular systom in 
the animal series is a difficult one and full of pit-falls for the 
speculative morphologist 

By the establishment of the existence of the coelom in an 
independent condition in Mollusca and Arthropoda, having so far 
as embryological observations have gone, an enterocoelous origin 
(von Erlangerin Paludina,i Sedg^vick in Peripatus), and by the 
recognition of the spaces at one time confounded with coelom in 
those great phyla, as being in reality swollen blood-vessels or 
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Fio. 15.— Youno Embryos of the Gastropod Mollusc Bithvnia tentaculata to show 

THE APPEARANCE OF THE CkXLOM AT AN EARLY PERIOD AS A PaiR OP POUCHES 
DERIVED FROM THE WaLL OF THE ARCHENTERON (? RS Solid OP llOllOW OUtgrOWths). 

A, fh>ntal section; B and C from the right side. «, region of the anus; W, blasto¬ 
pore; c, ciploin; epithelial cell-wall of the coelom; p/if, eiidoderm; m, mouth; 
adf sheil-gland; t, prostomial region; r, cHls of the ciliated band of the velum. 
(After von Brlanger, from Korschelt and Hoidcr.) 

heemocoel, the theory of the coelom is brought to a second stage. 
The results thus emphasised have been gained during the fifteen 
years which succeeded the publication in 1881 of the Hertwigs’ 
Coelomtheorie. The existence and the unity of the coelom 
throughout the animal series above the Protozoa and Enterocoela, 
its derivation in all cases from pouch-like growths of the archen- 
teron either actually or with delayed appearance of the lumen, as 
suggested by me in 1875, seems now to be established with some- 

^ See Fig. 16 and the explanation. 
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thing like certainty ; and I venture to point out that this further 
stage of progress, like the earlier which started from the first 
generalisation of Haeckel of Jena, has been gained by the specula¬ 
tion and observation of the English school of morphologists. 

(c) The Coelom and the Mesenchynu. 

The recognition of the ccelom as a constant factor of the 
bodily structure of the higher animal phyla, and of its essential 
nature as a pair of enterocoelous pouches (or in lower forms as 
possibly a single pouch, or several such pouches), gives the key 
for the analysis of that mass of cells lying between the outermost 
layer of the embryo (epiblast) and the innermost layer (hypoblast) 
to which in Triploblastic animals, Le, animals with ai)parently 
three embryonic cell-layers, the term “ mcsoblast ” has been applied. 

Clearly one factor of this “ mesoblast ” is the rudiment (fore¬ 
cast, Anlage), of the coslom, whether appearing as a pouch (Eig. 3), 
or a solid mass of cells (Fig. 11, B), or as a single pair of cells 
(Fig. 11, A), There are some reasons for supposing that the whole 
mesoblast is thus accounted for, and that whatever cells appear 
in the mesoblast outside and beyond the lining cells of the 
ccelomic pouches are only secondary derivatives of the wall of the 
ccelomic pouches. The development of Amphioxus, for instance, 
seems to be satisfactorily traced to a folding of a sheet of cells, 
arranged in a superficies one-cell-deep. Thus the embryonic tissues 
of Amphioxus have a strictly epithelial character: the cells all 
bound a surface. By a primitive infolding of the vesicular mono- 
blastula (or one-cell-layered embryonic vesicle), we obtain the 
archentcron; by a second elongated infolding the nerve cord ; 
by an outgrowth of hollow folds from the archenteron, the primitive 
coelom is formed; and by subsequent foldings of the wall of this 
chamber (as shown by Hatschek, Anat. Anzeiger, August 1888), 
the myocoel and the splanchnocoel (divisions of the coelom) are 
formed. All the main tissues, muscular and skeletal, as well as 
the tissues arising from the lining cells of the gut and from the 
epiblast, have an epithelial origin; there is no accumulation of 
colls in heap-like masses, no development of branching, irregularly 
grouped series of cells overlying one another and filling up a space 
between epithelial layers. 

It may be argued accordingly from Amphioxus that, primarily^ 
the whole mesoblast in all cases is nothing but epithelial foldings 
of the ccelomic pouches, and that any and all separate cells not 
lying in the plane of the epithelial surface are merely due to 
secondary detachment and wandering of a precocious character. 
It is, however, to be noted that even in Amphioxus the formation 
of the blood-vessels, large and small, and of the blood has not yet 
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been traced to an epithelial origin, that is to say, to a folding of 
the original spherical envelope of the monoblastula, or of one of 

its derivative folds. , ,. . 

The Hertwigs in Die Ccelomtheorie, p. 78, emphasise this distinc¬ 
tion in the origin of tissues. They point out that in some animal 
groups a larger proportion of the adult tissues can be braced to 
foldings of embryonic epithelia than in others. The irregular 
heap-like groups of cells, which are not spread out as folds of 
epithelial surface and so often form a large part of the “mesoblast” 
of animal embryos, they speak of as “ mesenchyme.” I am inclined 
to think that the distinction here made is useful. The mesoblast 
of Coelomocoela consists of the epithelial fold of the ccelomic 
pouch (or its representative cells) a\ul of mesenchyme. The question 
remains as to what is the origin of that mesenchyme. It cannot 



Fig. 16. — Gasjtrula Stage 
OP AS Ecminoid »iiowino 

DEEP ARCHENTP.RIC IRVA* 
01 NATION DEVOID AS YET 

OP CosLOMic Pouches, but 
WITH large Mesenchyme 
Cells traversing the 
Blastoccel or Cavity 
BETWEEN Ectoderm (epi* 
blast) AND Kndodbrm 
(hypoblast). (After Se- 
leuka, 11*0111 Korschelt and 
Heider.) 


be considered as yet sufficiently ascertained to warrant a final 
conclusion. According to observations made in some groups, 
mesenchyme is largely derived from epiblast, in others from hypo¬ 
blast (Fig. 16), in others its appearance in the blastoccel or space 
of the primitive embryonic vesicle precedes the formation of archen- 
teron itself (Fig. 17). I think that we are bound to bring into 
consideration here the existence in many Coelentera of a tissue 
resembling the mesenchyme of Coelomocoela. In Scyphomedusis, 
in Ctenophora, and in Anthozoa, branched, fixed, and wandering 
cells are found in the mesogloea which seem to be the same thing 
as a good deal of what is distinguished as “mesenchyme” in Ccelomo- 
coela. These appear to be derived from Mh the primitive layers; 
some produce spicules, others fibrous substance, others again seem 
to be amoebocytes with various functions. It appears to be 
probable that, though it may be necessary to distinguish other 
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elements in it, the mesenchyme of Coelomocoela is largely consti¬ 
tuted by cells which are the mother cells of the skeleto-trophic 
group of tissues, and are destined to form connective tissue, blood¬ 
vessels, and blood. The relation of the mesenchyme cells (as 
shown in such cases as those represented in Figs. 9 and 10) to 
the blastocoel or primary cavity of the blastula seems to favour 
the notion that the blood-vascular system has originated from the 
blastocoel in co-operation, so to speak, with mesenchyme cells. 
Whether, as is most probable, the mesenchyme also gives rise to 
muscle cells and muscular tissue is a matter requiring close inves¬ 
tigation of cell-lineage, and whether the muscular tissue so formed 
is or is not confined to that of the walls of blood-vessels. In 



Fio. 17.~SEr>TiON8 OK Two Stages is thk Development op Holothuria tubulosa to 

SHOW THE Development of Mesenchyme at a Period when the Archentsric 

INVAOINATION IS ONLY COMMENCINU. 

mr, micropylo; chorion; s.c, blastoccel; celMayor of the inonoblastula; ep^ 
ei^blaat; hy, hypoblast; or, archenteric invagination; and ms, mesenchyme. (After 
Stoleuka, from Balfour.) 

Amphioxus we know that the somatic muscles are formed from 
epithelial cells of the myocoel division of the coelom. Is this a 
primitive or a secondary arrangement 1 If primitive, it is possible 
that erstwhile epithelial cells of the coelom migrate from the 
pouch-wall in some other embryonic histories and form part of the 
mass called mesenchyme. We cannot get further with the analysis 
of mesenchyme until the first origin and subsequent history of 
every constituent cell in a series of typical examples has been 
determined. Meanwhile it is a distinct progress to cease from 
speaking of coelom-forecast (Anlage) and mesenchyme as one 
entity, vifs. mesoblast,” defying analysis. There is no constant 
morphological factor to be recognised by the name mesoblast,’' as 
has inde^ been apparent for many years. Mesoblast includes, 
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besides the parent-cells of the coelomic epithelium, the skeleto- 
trophic mesenchyme (mother-cells of connective tissue, blood, 
and blood-vessels), traceable probably to endodermal parentage, 
myoblastic mesenchyme probably derived from both primary layers 
and neuroblasts derived almost certainly from both primary layers. 
The parent-cells of the epiblastic nerve centres usually separate 
together as a distinct mass at a later period of development from 
the primary ectoderm, but there is abundant embryological proof 
that so-called “ mesoblast ” may contain parent-cells of nerve tissue 
as one of its constituents {e,g. in Cephalopoda). In some cases 
too the single mother-cells of the nephridia take up their place in 
the mesenchyme, migrating probably from ectoderm. There is still 
a very large and very difficult field of research open to the student 
of cellular embryology. The cell-lineage of mesenchyme and other 
factors of mesoblast must be determined; it is not enough to 
have disentangled coelom from this confused mass. When the 
cell-lineage of mesenchyme and its tissue products have been 
cleared up, we shall be able finally to put aside the hasty criticisms 
and phantastic assertions of those who have grown impatient over 
the slow and difficult task of Cellular Embryology. 

(d) Third Stage of the Theory of the Ccelani from 1896 to the 
p'esent day, 

A third stage in the progressive adjustment of the theory of 
the coelom is now in progress; it has reference to the relation of 
the coelom to renal excretory organs. 

It had become abundantly clear in the early days of speculation 
concerning the coelom that the reproductive cells both male and 
female are in all Coelomocoela epithelial cells of the coelomic 
space. In the attempt to define the coelom this fact was made 
use of, but it was also maintained by myself and others that the 
communication of the coelom with the exterior by at least one 
pair of renal excretory tubes was characteristic; and the attempt 
was made (and not unsuccessfully) to identify a given space as one 
of coelomic origin by the fact that it was placed in communication 
with the exterior by means of such renal excretory tubes or sacs. 

Led by the principle that it is conducive to an ultimate dis¬ 
covery of the truth to assume uniformity of origin for similar 
structures in diverse groups as a first hypothesis, rather than to 
assume a multiplicity of origins, I proposed (in 1877, Quart. Journ. 
Micr. Sci. vol. xvii. p. 429) the name “ nephridium” for the simple 
renal excretory organ, and I took the so-called “ segmental organs ” 
of the Earthworm as the type. I identified with this typical 
iiephridium the excretory tubules of Platyhelmia and Rotifera, 
the renal sacs of Mollusca, the peritoneal funnels and connected 



COELOM AND RENAL ORGANS 


33 


tubules of Yertebrata, and later the renal tubes discovered by 
Sanger and Balfour in Peripatus, and the various excretory and 
genital ducts of other Arthropoda. The name nephridia ” 
became very generally adopted hy morphologists for all of these 
structures. 

It appears, however, that this generalisation was too sweeping, 
as has been pointed out by Mr. E. S. Goodrich, who has extended 
to the Ccelomocoela in general the conclusions drawn by Prof. Ed. 
Meyer from a study of the development of the Polychaeta (Meyer, 
“Die abstammung der Anneliden,” Biolog. Centralblatt. vol. x. 
1890). We have, in fact, hitherto included under the name “ neph- 
ridium ” two quite distinct kinds of renal excretory tubules—the 
one derived from single cells ultimately though not always actually 
traceable to ectoderm, the other nothing more than a portion of 
the coelom itself communicating by a pore with the exterior. To 
the first category belongs the type-nephridium—namely, that of 
the Earthworm, and with it go similar tubules in other Oligochseta 
and Polychaeta, and the excretory systems of Platyhelmia and Roti- 
fera. Hence, for these the name “ nephridium ” must be retained. 
To the second category belong the peritoneal funnels of many 
Chaetopoda, the funnel-like generative ducts of Oligochaeta, the 
whole series of so-called nephridia, modified and unmodified, in 
Arthropoda, the renal sacs of Mollusca, and the peritoneal funnels 
and connected tubules, whether of renal or gonoduct significance, 
in the Vertebrata. The origin of these structures as parts of the 
coelom itself suggests the name of “ coelomic funnels ” for them. 
The excretory activity of the wall of the coelom and of these 
specialised parts of it was, it must be supposed, acquired after the 
first development of such conduits and pores to serve as exits for 
the genital products from the coelom. The name “ coelomoduct ” 
is proposed now for the first time as the best general term for 
these passages. Coelomoducts are to be contrasted with nephridia ; 
formerly they were confused with them. Ccelomoducts are parts 
of the coelomic wall itself; nephridia are ingrowths from a 
superficial nephroblast. In the Mollusca we find embryonic, 
evanescent renal organs which are nephridia (Pulmonata); these 
disappear and are succeeded by permanent renal organs which are 
ccelomoducts. 

Nephridia do not always open into the coelom, e,g, those of 
Platyhelmia where the generative sacs are all that represents 
coelom. Ccelomoducts necessarily open into the coelom at some 
stage of their formation if not permanently, since they are part of 
it. They do not necessarily open directly or indirectly to the 
exterior, though they usually do so directly 

In the marine Chsetopoda, according to the observations of 
Meyer and Goodrich (Quart. Journ. Micr. Sci. 1899), there is often 
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a remarkable association of nephridium and coelomoduct to form a 
complex renal organ. 

The theoretical conception that the renal tubules in the 
animal series are of two distinct kinds, a more primitive and a 
secondary, dates back to Gegenbaur. Continually the attempt 
has been made to separate in a distinct category the nephridia 
formed by a linear series of perforated drain-pipe cells from other 
so-called nephridia with a lumen surrounded by many cells. It 
cannot be said that the provisional doctrine of a single category 
of renal organ in the entire series of Coelomocoela, for which I am 
responsible, had obtained very general assent amongst critical 
embryologists, although the general use of my term “ nephridium ” 
for all sorts of renal tubes in all classes of animals might lead to 
the assumption that such a community of origin was accepted. 
The necessity for revising the doctrine of uniform origin of renal 
tubes was pressed upon Goodrich by the careful determinations 
of the origin of these structures in some cases from ectoderm, in 
other cases from coelom, by various embryologists in later years. 
Thus Sedgwick says in his paper on the development of Peripatus 
in 1888: “It is important to notice that in Peripatus the 
nephridia are parts of the coelom just as they are in Elasmo- 
branchs. They are commonly spoken of in a manner which 
implies that they have but little to do with the coelom beyond 
opening into it. This way of speaking of them is calculated to 
mislead. The nephridia are direct diflerentiations of part of the 
ccelom” (Q. J. Micr. Sci. vol. xxviii. p, 391). On the other hand, 
Vejdowsky has no less emphatically and conclusively shown that 
the nephridia of certain Oligochceta are of ectodermic origin, 
whilst Bergh and other observers trace them in many cases to 
peculiar superficially placed mother-cells lying in a so-called meso- 
blast, each of which by division gives rise to a single row of 
cells—a nephridium. 

This difficulty is resolved by the recognition which we owe 
to Goodrich of two categories of renal tubes: (a) The ccelomic 
coelomoducts, which are primarily genital sacs and ducts, and second¬ 
arily acquire renal functions; and (ft) the nephridia, which are 
primarily excretory tubules and only in the marine Chmtopoda 
acquire functions in connection with the coelomoducts as genital 
conduits (see Goodrich, loc. ctf.). 

Thus, then, we arrive at a further stage in the theory of the 
coelom. The true nephridia so long supposed to have a 
morphological connection with it are separated from it altogether. 
The organs which really belong to it and are, in fact, only parts 
of it, whether appearing as renal sacs or genital conduits, are the 
coelomoducts. The coelom is now, as a final result of observation 
and speculation up to the present date, to be conceived of as 
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originally one or more pairs of detached or coalesced sacs originat> 
ing ancestrally as pouches of the archenteron from which they 
become shut off, having for their primary function the develop¬ 
ment upon their walls of the male and female reproductive cells, 
and communicating with the exterior by simple or funnel-like or 
tubular extensions of their own walls. They serve primarily as 
the sites of the development of the genital products, but secondarily 
may have a renal excretory function localised in a part of their 
epithelial lining cells. Very generally they give rise to extensive 
perivisceral and pericardial sacs, which remain continuous with 
the original outwardly opening portions, or may be nipped off 
from them and from each other. 


(c) Nomenclature of the Parts and Derivatives of the Codom, 

The various terms which are appropriate to, and useful in, the 
discussion of the ccelom and its subdivisions require a brief special 
statement. The terms may be best defined in a series of proposi¬ 
tions which are more or less of the nature of a sketch of the evolu¬ 
tion of the coelom. 

1. The primitive coelom may be called a ‘‘protocoelom’' 
(Goodrich). It is probably multiple. Each protocoelom is in its 
nature a gonoccel (Goodrich), that is to say a coelomic pouch, 
the epithelial walls of which produce ova or sperm or both. 

2. Probably at a very early period each protocoelom acquired 
a “ CCELOMOPORE ” (Goodrich) or opening to the exterior. 

3. The part of the protocojlom connected with the pore 
frequently becomes narrow and funnel-like, and is then to be dis¬ 
tinguished as a “ CCKLOMODUCT ” (Lankester), whilst the rest of 
the coelom may persist as simple gonocoel or undergo further 
developments. 

4. Two (right and left) or more gonocoels may fuse and give 
rise to an extended coelomic cavity, the walls of which for the 
greater part are not concerned in the production of gonad cells. 
Such an extended cavity is generally known as a “perivisceral 
cavity ” or “ perivisceral coelom.” It may be called the “ syn- 
OOELOM ” (Lankester). 

5. The syncoelom frequently develops renal-excretory functions 
in the cells of its lining epithelium. 

6. In segmented animals where pairs of “gonocoels” are 
repeated in each segment, some may retain the function of pro¬ 
ducing gonad-cells, whilst others become modified as renal-excretory 
sacs. These latter are to be called “ uroc(ELS ” (Goodrich). 

7. In some cases, e.g. some Mollusca, the gonocoel of one side 
of the body will retain its relation to the generative function. 
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whilst its pair on the other side of the body becomes a pure urocoel; 
various modifications of this kind are possible. 

8. The coelomoducts belonging to gonocoels may be called 
GONODUCTS ” (Lankester), whilst the coelomoducts connected with 

urocoels are to be termed “ uroducts.” Similarly the ccelomo- 
pores may be called “ gonopores ” and “ uroporRs.*' 

9. When the distinction between coelomoduct and the rest of 
the coelom is marked by the development of a funnel-like mouth, 
this funnel is termed a “ ccelomostome ” (Goodrich). Whilst 
this is the general term applicable, it will in almost all cases be 
actually either a “gonostome,” a funnel leading from gonadic 
coelom into a gonaduct or a “ urostome,” that is, a funnel leading 
from uropdetic coelom into a uroduct. 

10. The duct-like portion of coelom ending in coelomopore may 
be to a large extent replaced by ectodermal invagination compar¬ 
able to the oral ectodermal invagination known as “ stomodseum,” 
and to the anal ectodermal invagination known as “proctodaeum.*’ 
It is proposed (Goodrich) to term such ectodermal portions of 
coelomic ducts “ cxELOMODiEA ” (from rh Kolk<i}imy the coelom, 
and oSaiov, an adjectival form of 6805). The coelomodsea when 
existent will, as a rule, be either “ gonod^ea ” or “ urod^ea,” and 
it appears that their ectodermal epithelium may, in some cases, 
acquire renal excretory functions. 

11. Both gonocoels and urocoels with or without specialised 
gonaducts and uroducts may remain in open continuity with 
the general coelom (syncoelom), or they may become closed off 
from it. 

12. The syncoelom (general coelom) may become separated 
into various chambers with or without obvious or microscopic 
communication, inter se. It is undesirable to coin special terms 
for all these chambers, but the possibilities comprise (1) a chamber 
more especially surrounding, or adjacent to, the main digestive 
tract, the episplanchnic ccelom; (2) a pericardial ccelom; and 
( 3 ) paired epinephric cgeloms. In Vertebrates, the peritoneal, 
peripleural, and pericardial coelomic sacs are well known and dis¬ 
tinguished besides other minor divisions. These various divisions 
of the coelom may communicate or not with one another, or with 
gonoducts or uroducts, or both. Any or several of them may be 
obliterated, or may be reduced to a canalicular form. 

13. To be entirely distinguished from coelomoducts, whether 
gonocoels or urocoels, are the nephridia. Nephridia are probably 
of ectodermic origin, and in any case arise independently from 
peculiar superficial nephroblasts or mother-cells. When devoid of 
internal opening they are called protonephridia (Hatschek). 

14 . Nephridia frequently acquire a funnel-like opening into 
the coelom. Such openings are called ** nephridiostomes.” 
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15. A nephridium may, as may a uroduct or gonoduct, acquire 
a secondary element by ingrowth of ectoderm at the nephridiopore, 
its original external opening. This secondary portion must he 
termed “ nephridiod^um ” (Goodrich), the word being formed in 
the same way as stomodsum and coelomodmum. 

16. Nephridia may become “grafted” in various degrees upon 
uroducts and gonaducts in some animals (e.g. the Polychsetous 
Annelids), giving rise to organs of complex origin which cannot 
be termed either “ nephridia ” or “ coelomoducts,” since they have a 
part of each category in their composition. The composite organ 
thus formed may be termed a “ nephromixium ” or “ nephromix,” 
in reference to its hybrid composition. 

The object of this introductory chapter is now completed. 
That object has been the vindication of the coelom as a morpho¬ 
logical factor of primary importance in the animal series, and 
the maintenance of the conclusion that the coelom by its presence 
justifies the separation of a higher grade of Enterozoa, the 
Goelomocoela, from a lower grade the Enterocoela, in which it is 
not differentiated as a separate cavity. 
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SPONfiKS ‘ 

phyLum pokifera. 

CLASS 1. CALCAREA (CALCISPONGIAE). 

Grai>k 1. Homocoela. 

„ 2 . Heterocokla. 

CLASS IL HEXACTINELLIDA (HYALOSPOXGIAEj. 

Order L Lyssacina. 

„ 2. Dictyonina. 

CLASS III. DEMOSPONGIAE. 

Grade 1 . Tetraxonida. 

Order 1. Camosa. 

„ 2. Tetractinellida. 

Grade 2. Monaxonida. 

Order 1. Halichondrina. 

„ 2. Hadromerina. 

(iRADE 3. KkUATOSA. 

Order 1. Dictyoceratina. 

2 Dendroceratina. 

Grade 4 . Myxospoxgida. 

(No Orders.) 

I. Introduction. 

The Sponges or Porifera form a well-characterised group of 
animals, very abundant in all seas, from the equator to the {loles, 
and flourishing at all depths, from the shore-line to the profoundest 
abysses. One family (or sub-family), and, so far as is known, one 
only—the Spongillinae —has established itself in fresh water, and is 
represented by a great variety of genera and species in all parts of 
> By E. A. Minchiu, M.A., Professor of Zoology, University College. Loudon. 
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the globe, wherever suitable conditions are to be found. The sponge 
faunas of the present day are remarkable not only for the abundance 
and the wide distribution of particular forms, but also for the 
bewildering variety of species, genera, families, and orders; and 
these systematic categories are often defined, on the one hand, by 
charactei-s of apparently slight and trivial importance; and con¬ 
nected, on the other hand, by numerous intermediate forms, to which 
it is difficult to assign a definite posHion in the system. Hence, 
while the classification of sponges frequently presents great difficulties, 
at the same time there is perhaps no group which illustrates so 
strikingly the theory of evolution and descent. Moreover, to judge 
from the very large number and variety of fossil forms occurring in 
strata of every horizon, sponges seem to have been at all times 
equally abundant and widely spread, equally plastic and adaptable, 
from the earliest geological ages to the present epoch. In contrast 
with the extreme difficulty often encountered in defining and 
separating the subdivisions of the Porifera, there is no group of 
organisms wliich, taken as a whole, is more easily recognised or 
more sharply limited, both by reason of its peculiar features of 
organisation and from the entire absence of forms in any way inter¬ 
mediate between sponges and other forms of life. Hence it is not 
surprising that the systematic position of sponges always has been, 
and still is, much disputed. Even their animal nature was not 
definitely determined till the middle of this century, and at the 
present day there is much difference of opinion as to their true 
affinities and proper position within the animal kingdom. These 
are questions of which the consideration must be deferred until the 
organisation and development have been discussed. 

From the point of view of the student of animal structure and 
functions sponges offer many points of interest, as representing 
the simplest type of cell republic found in any animals above the 
Protozoa. Their organs are, for the most part, single cells, less 
specialised than in other forms, and therefore able to perform a 
variety of functions, either simultaneously or at different times. 
The absence, or at least the slight degree, of co-ordination between 
their cells represents a primitive grade of organisation which other 
Metazoa have passed beyond. Hence many problems of histology 
and cellular physiology are hero presented in their simplest form. 


II. The Morphology and Life-History of Sponges. 

1. External Cltaracters. 

(a) Mode of AttacImenL —No sponge is known which, in the 
adult state, is possessed of locomotor organs, or has any power of 
free movement. After passing through a transitory larval stage, 
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during which it swims freely by means of cilia, the sponge passes its 
whole subsequent existence fixed, except in a very few instances, to 
some foreign object The attachment may be direct^ the base of the 
sponge being in contact with the substratum, or indirect^ that is to 
say, by means of a root tuft of long spicules which serve to anchor it 
as it were in the mud. The latter method is only found amongst 
those forms, usually inhabitants of deep water, which live in mud 
or ooze, and it is to be looked upon as a S2>ecial ada2>tation to life 
under such conditions. 

Direct attachment is a rule without exception amongst Calcarea 
and is the most usual method in all sponges, being universal amongst 
forms which inhabit shallow waters and are subject to more or less 
violent currents. The substratum to which the sponge is fixed may 
be a rock or alga, or it may be some other animal such as a crab, 
shell-fish, or tunicate. The adhesion is effected by the cells at the 
point of attachment, which are glandular in nature, and in some cases 
secrete a basal plate of si)ongin or some similar substance. The 
portion of the sponge body which is in contact with the substratum 
may be drawn out into a stalk or peduncle, often of considerable 
length, by which the sponge is raised above its immediate surround¬ 
ings (Figs. 8, 10, 11, 27, 37, and 38). In such forms the lower¬ 
most portion of the stalk may be expanded into a foot or disc, 
increasing the adhesive surface, or into root-like processes, as in the 
fossil Ventriculites (Fig. 23). 

Rooting tufts of sj)icules are specially characteristic of the 
order Lyssacina of the Hexactinellids, where they are of very 
frequent occurrence. They are also found in some Tetractinellids 
(Fig. 24), but are very rare in Monaxonida and are unknown in 
Keratosa and Calcarea. 

Tlie instances, very few in number, in which the adult sponge 
is not fixed in any way, are to be found amongst a few species from 
deep water. The remarkable form, Dwji'inga, for instance (Fig. 
26), lies loosely on the sea-bottom, and a similar state of things is 
met with in some other Tetractinellids from the deep sea. In such 
cases the weight of the body, loaded as it is with siUceous spicules, 
is probably sufficient to prevent the sponge from being passively 
transported by the comparatively feeble currents to which it is 
exposed. 

(/>) Form and Orouih —^The typical sponge form is that of a 
hollow vase or sac (Fig. 1), attached by its base to some object. 
At its U 2 )per extremity is a conspicuous opening, termed the osciduwi, 
and the wall is perforated by numerous minute apertures, the 
^res. During life water enters by the pores, and passes, either 
directly or after a more or less tortuous course along a system of 
canals in the body wall, into the central space or gastral cavity^ 
to emerge by the osculum. 
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The primitive vase-like form is retained in some instances 
throughout lifa In other cases it only occurs as a transitory 
stage (which may even be suppressed) in the life-history, and 
during subsequent growth it undergoes almost 
every conceivable modification and complication 
of form. 

In the first place, any sponge, whether of simple 
or complex form, may under certain conditions con¬ 
tract itself and close up its pores and osculum. In 
extreme cases even the gastral cavity becomes ob¬ 
literated. Such changes of form are of course only 
of temporary duration and are of no morphological 
or classificatory value. Sooner or later the sponge 
expands again and passes back into its normal con¬ 
dition. Nevertheless, sponges in a state of contraction 
have often been described as if they were the per¬ 
manent form, and have even been separated from 
the normal, expanded form as a distinct species, 
genus, or family; while the temporary obliteration of 
the osculum or gastral cavity has been dignified by the 
coinage of the terms li/postomy and lipogcistry respec¬ 
tively. Mistakes of this kind have been the cause of 
great confusion in the literature, and it is well, there¬ 
fore, to bear in mind that many sponges are ex- 
Fio. 1. cessively contractile, while there are few that cannot 

Olynthus of cuxthHna close up their pores and oscula at will—that is to 
wlthT^iowVwer (aSjr ^ ^ reaction to certain changes either in the 

Haeckel). (T^e ocular environment or in the internal economy, 
rim is not correctly re* *' 

presented; the pores 

should not be wntinued Apart from more or less rapid changes of 
up to the edge, but . ^ ix- r i. i.- i. ® x 

should stop at some die- form resulting from contraction, we have to 
tance from It.) consider a large series of form varieties which 

are the result of growth, and therefore of greater permanence 
and importance. It has been mentioned above that the region of 
attachment may grow out into a stalk, and we have therefore to 
distinguish, in the first place, between sessile and pedunculate forms. 
It is convenient to commence the discussion of the variations in 
body form by pointing out that almost any shape which a sponge 
can assume may be further complicated by the growth of a peduncle. 

At the outset the numerous form variations of sponges can be 
classified into two distinct series, which start from a fundamental 
morphological difference in the mode of growth. In the first place, 
the primitive vase-like sponge, whether stalked or not, may retain 
its single osculum and gastral cavity, but become modified in form 
by unequal growth of the body wall. In the second plafie, the 
growth may be such as to lead to the formation of new oscula, each 
the vent of a separate gastral cavity. Anticipating here the theory 
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of sponge individuality which we intend to adopt (see below, p. 89), 
the first-mentioned series may be termed Tnodificaiions of the sponge 
person^ and the second, rnodifiixUions of the sponge colony. Although 
the two often merge into one another, we may consider them apart, 
and commence with those cases where the sponge person remains 



Fio. 4. Kio. 5. 


Fio. 2.—Young specimens of CUUhrina coriacea^ Mont., x6. a. Olynthus; 6, older stage, 
with three diverticula commencing to form; c, still older stage, with diverticula anastomosing 
to form the tubar system; d, small colony with two oscula; osc, osculum; dir, diverticula. 

Fio. 8.<~Small colony of JAwwdUnUi Lieberkuhniit O.B., X S. osc, osculum; die, diverticula. 

Fio. Arborescent colony of LewoaoUnia ixmTpiicata, Mont, xO. 

Fio. 5.—Creeping colony of LewxaoUnia variabUii, H., with numerous erect, and for the 
most part simple, oscular tubes, arising from a basal creeping stolon, xS. 

single—^that is to say, where the sponge retains a single osculum and 
gastral cavity. 

The wall of a primitive vase-like sponge may increase during 
growth either in superficial extent or in thicknesSf or in both ways at 
once. We may consider first the results of an increase in the 
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surface of the body wall. In the first place, such increase may take 
place more or less evenly and regularly in all parts, but more 
rapidly in one direction than in another; then the sponge person 
becomes an elongated cylinder or tube if the growth be chiefly 



Fio. 6. 

Tonng specimen of Clathrina reticulum, O.S., with one osculnm, xG. 

vertical, or assumes the form of a cup or saucer if the growth be 
chiefly horizontal. In the second place, the growth may be uneven 
or irregular, being more rapid in one part of the sponge body than 
in another, or taking place chiefly in certain limited regions. In 



Fio. 7. 

Cl^rina elathnu, O.S., natunl size, semi-diagrammatic combined figure. On the left the 
Bponfi is represented in the state of extreme expansion, passing gradually into that of extreme 
contraction on the right, mc, osculum; d.otc, closed osculum; contr.m, ^evated ** conolea " 
in the contracted portion representing oscula contracted; sph, sphincter of osculum; die, 
diyerticnla; ose.d{v, verticaUy directed diverticula horn which new oscula arise. 

such cases either the body wall must be thrown into folds, or the 
primitive form of a vase or sac will be distorted or modified in 
various ways. 

Instances of both tubular and cup-shaped sponge individuals are 
common amongst the Hexactinellids. The first type is well seen in such 
forms as JRegadrelUi (Fig. 18) and Eupleetella (Fig. 15); the second in such 
a form as Atconema (Fig. 17). The tabular forms may assume an erect 
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cylindrical form {Euplectella 8 vb€rea\ or may be more or less curved like 
a cornucopia aspergillum). A remarkable instance of horizontal growth 
of the body wall is seen in Caulophacus (Fig. 20, (7), where the wall of the 
gastral cavity is turned outwards and downwards, and the sponge being at 
the same time stalked, a form like a mushroom results, in which the upper 
convex surface of the disc represents morphologically the inner surface of 
the body, and the rim of the disc is the down<tumed margin of the 
osculum. An approach to this condition is seen in the fossil VentriculUes, 
Some specimens have the body shaped like a paper basket, while others 
have the margin very much expanded and everted (Fig. 23). Mantell 
(1822) makes the suggestion that the differences in diflferent specimens of 
Ventriculites may be due to contractility. 

A good example, on the other hand, of the effect of rapid local growth 
is seen in the Hexactinellid sponge Euryplegma (Fig. 20, A). Here the 
primitive vase-like organism grows with great rapidity on one side, and 
scarcely at all on the other. The result is an ear-like or shell-like form, 
in which the concave side represents the gastral cavity, and the whole free 
edge the margin of the osculum (m.08c). This mode of growth is carried to 
its extreme in Poliopogon (Fig. 20, B), where the sponge has become simply 
a curved plate, of which the upper edge represents the oscular margin 
(m.osc), the concave side the gastral cavity. 

If the portions of the body wall which grow more rapidly are 
distributed, so to speak, in patches, the result will be the formation 
of diverticula or folds. The best instances of this are seen in the 
calcareous sponges, all of which begin their existence as a vase-like 
organism of very primitive structure, termed the Olynthus (Figs. 1 
and 2, a). Hence the Calcarea are specially suited for tracing out 
the processes of growth by which the often complicated body form 
is attained. 

In the most primitive Calcarea, the Ascons, the Olynthus grows 
in height, becoming tubular, while at various points on the surface 
hollow diverticula are thrown out on every side. The diverticula 
increase rapidly in length, and become branched, and by coalescence 
and anastomosis of the branches there arises a network of tubes, 
which surround, and open into, the central oscular tube, represent¬ 
ing the original Olynthus. The continuous cavity which extends 
through the whole tubar system is, of course, the now greatly 
ramified and subdivided gastral cavity. 

Two types of body form can be distinguished in Ascons as the result 
of simple variations in the mode of growth above described. In the 
fhmily Clathrinidae the vertical growth of the Olynthus is comparatively 
slow, the horizontal growth of the diverticula comparatively rapid. In 
the family Leucosoleniidae^ on the contrary, the Olynthus grows rapidly 
in height, while the diverticula, though more numerous, remain relatively 
small. Hence the typical Ascon person is, in the genus Clathrina, a 
dense network of ramifying tubes opening by a short and often in¬ 
significant oscular tube (Figs. 2, 6, 7, 8 ; cf. Fig. 65, A), and in the genus 
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Leucoiolenia, a large and erect oscular tube giving numercus diverticula 
of comparatively small calibre, which increase in length towards the base 
of the tube, where they tend to branch and anastomose (Figs. 3, 4, 5; 
d Fig. 65, B), 

A body form very similar to that of Ascons, and the result of a 
similar m<^e of growth, is also of common occurrence in the order 
Dictyonina amongst Hexactinellids (Figs. 21, 22). The primitive 
vasiform sponge person becomes first tubular and then branched, 
and by anastomosis of the branches a network of tubes results. 

In the higher calcareous sponges, the order Heterocoela, we find 
a mode of growth which, though essentially similar to that found 
amongst Ascons, leads to a body form considerably different, and 
in most cases much simpler. As typical may be taken the genus 



Fio. 8. 

Clathrina lacuno$a, 
Johnst., colony with 
two OBcula, X 4. 




Fio. 10. 

A, Sjfcon raphanuSy O.S. (after Schmidt), 
X 5. B, Sycon humboUUii, Riaso (sRun- 
sterviUia corcyreruis, O.8.), (after Sclimidt), 


Sye<m ciliatnm, Fabr., 

X 2. 


Sycon^ where the Olynthus sends out numerous breast^haped 
or thimble>shaped diverticula, more or less regularly disposed on 
every side. New outgrowths continually appear just below the 
oscular margin and continue to increase in size, but unlike what 
has been described for Ascons, the diverticula in Sycons have a 
limited growth. The size attained by the diverticula is greatest at 
the sides and towards the base of the sponge. As a result of this 
mode of growth the sponge assumes a strchiloid form, which in some 
primitive types is more or less retained throughout life. In 
most Sycons, however, the diverticula become united by secondary 
growths at their apices, and are thus rendered indistinguishable in 
an external view of the sponge. Hence the effect produced is 
simply that of a great thickening of the body wall. The Sycons 
famish, in fact^ a clear instance of the body wall of the primitive 
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sponge undergoing an apparent thickening which is in reality due to 
the formation of folds and their subsequent coalescence, and it will 
be seen in discussing the canal system that all thickening of the wall 
of the primitive vase-ltke sponge organism is to be interpreted morpho¬ 
logically in a similar rrumner. Since in Sycons and Heterocoela 
generally the body usually grows more or less evenly in all parts 
at the same time that diverticula are being formed ill round, the 
primitive form of a vase is more often perfectly preserved in these 
sponges than in any others, though subject to variations of form of 
subsidiary importance, such as the addition of a stalk (Fig. 10) 
which in the genus Ute reaches a great length. A remarkable 
departure from the primitive 
form is seen, however, in 
Orantia lahyrinthica (Fig. 11). 

The young sponge of this 
species has the form of a 


Fio. 11. 

Orantia hahyrinthioa^ CrCr. Three stages 
of growth. (After Dendy.) 

stalked cup, with a thick body wall, formed as above described, 
by folding and coalescence. Further growth of the body wall 
causes it to be thrown into numerous folds, the edges of which 
represent the greatly extended oscular margin. Another Hetero- 
coele sponge of aberrant form, requiring no explanation, is EUhardia 
Schulzei (Fig. 13). 

It is evident from the instances that have been adduced, that 
the changes in the form of the sponge person which result simply 
from an uneven or local expansion of the surface of the body wall, 
are numerous and often complicated, but may, however, result in a 
simple thickening of the b^y, and a consequent retention of, and 
reversion to, the primitive form. 

As a result of a disproportionate increase in the thickness of 
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Leucandra aspera H., natural size. 
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the body wall the primitive vase-like sponge person may assume 
a more massive form, and in the simplest cases becomes barrel¬ 
shaped (Fig. 16) or globular (Fig. 30), according to the degree of 



Fio. 13. 

Eilhardia SchulzHf Pol. (Alter Polejaefi; ChaXUngtr Reports.) Natural size. 


chickening. If the growth predominates at the base of the sponge 
it acquires the shape of a shallow cone or volcano, the crater being 
represented by the osculum, and in such forms the vertical height 



A. B. 

Fig. 14. 

At VertkiUiUtamutmaMt Mant (After Zlttel.) R, Fetnutroma SehuMt DM. 

(After Ddderlefn.) 

Jiaf be Tety amsU as compared with the horizontal extent, until in 
extreme cases the sponge becomes a mere crust, spread, over the 
snrfiuM to which it is attached, and rising slightly in the region of 
the oecnlum. On the other hand, the sponge may become sub- 
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Jftii)iec«elia <m>etv«Zttm, Owen. (After Wyvllle Thompson.) |. 
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cylindrical, and narrower at the base than at the summit^ as in the 
case of TerUorium (Fig, 31), and any form of massive sponge may 
be further complicated by the formation of lobes and irregularities 
on the surface, or in other ways. In the fossil Siplwnia the 
massive sponge has developed a stalk, and has the form somewhat 
of a rose-bud, at the apex of which the relatively small and reduced 
gastral cavity opens by the osculuni (Fig. *11, A and B), 

Two remarkable sponge forms are seen in the genera 2/i- 
brachion and Dis^yringa amongst Tetractinellids. Both of them are 



Fio. 17. 

Atcoucma seluhnlcnsc^ Kuitt. (After Wyvillo Thoiupson.) |. 


to be regarded as massive forms in which the more or less globular 
body is not fixed, but lies loosely in the mud at the bottom of the 
sea, and which have developed peculiarities of structure correlated 
with their mode of life. Thus Tribrachion (Fig. 25) has developed 
an oscular tube of great length, while in Disyringa (Fig. 2G) not 
only is the exhalant aperture prolonged in like manner into an 
elongated tube, but also an inhalant tube is developed, terminating 
in a single aperture by which is taken in all the water which 
enters the canal system. The cavity of the inhalant tube forms a 
sort of atrial chamber, as it were, in which all the pores are collected, 
and no pores are found on the surface of the body. Disjpinga is 
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i4, Hiirnplrgraa oiirinihire, F.E.H. /.', roHojtojon nmmloii, W. TIj. C, i'anloiiharun clc'jans^ 
F.E.S. All tlirt'e {itt«'i SScliul/r. .-1, redurwl ^ ; ll, i; (', iiatuviil six*-. 

unique amongst sponges in possessing an inhalant tube of this kiinl, 
doubtless advantageous to the sponge, living as it does partially 
buried in the soft ooze. 

Having considered the chief types of form which the sponge 
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Farrea facumlitj O.B* (After Agassiz.) §. 
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individual may acquire as the result of its particular mode of 
growth, it remains to discuss the forms assumed as the result of 
multiplication of individuals which remain united. Since the 



Fm. 2 ± 

>•()«<//Wri}<ht. (After Agassiz.) x j|. 


sponge colony consists of an aggregation of sponge individuals, pro¬ 
duced one from another by a ])roces.s of budding, its form will 
depend largely in the first instance on the type of sponge persons 



of which it is composed. The other factors which influence the 
form of the colony are, first, the way in which the individuals are 
united together—that is to say, the manner in which they are budded 
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distinguished. In the simplest cases the new oscular tubes arise 
from the tubar system by the side of the parent individual, and the 

B 



Fio. 27. 


fiiphonift iulipa, auct. (after Zittel). a vertical section of the Iwxly, imttiral size, showing 
the small gastral cavity, the radially dirfK’tert iiicinrent canals, and the coniMnitrically disposed 
excnrrent canals, li, the entire sponge, lialf natural size. 

colony assumes a compact or bushy form (Fig. 3), which may take 
on a spreading or an arborescent growth by variations in the mode 



A M 


Fio. 28. 

At Sitidiwn cbteetum, 0.8,, jB, Colinella inicripta, O.S., f. (Both alter Agassiz.) 

of budding. In the spreading forms (Fig. 5) the diverticula at the 
base of the sponge person come into contact with the substratum 
and grow to a great length, forming a stolon-like basal network, 
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i^amifying only in one plane, from which arise erect diverticula at 
intervals which acquire oscula at their extremities, and thus assume 
the characters of new individuals. In the arborescent forms, on 
the other hand (Fig. 4), the erect oscular tube sends out numerous 



Fiu. 2i». 

Vetulina iifalactUeSf O.S. (After Agassiz), j. 


diverticula along its whole length, which form new oscula at their 
extremities when still quite short, and the daughter individuals 
which are thus formed repeat the same process, throwing out 
diverticula rapidly on every side. In this way arises an arborescent 



Fio. 30. 

A, Tetkya lyncurium, L., natural size. At tlie summit is seen the partially retracted 
oaculum. Ji, section across Tuberclla sp., showing the thick cortex and the radial arrangement 
of the body skeleton. 


Ascon colony which creeps over the seaweeds like a climbing plant, 
attaching itself at intervals by direct contact. Among the Hetero- 
coela, also, erect arborescent colonies are not uncommon, and in 
Leueandra aspera (Fig. 12) rapid growth and budding may lead to 
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a form resembling a cock’s-comb. In the British species Leucandra 
nivea^ a spreading colony is formed, composed of numerous flattened 
volcano-like individuals. 

In the cases where the persons of the colony are not distinct 
from one another, the colony as a whole may have a form scarcely 
differing from, or even identical with, that of the sponge individual, 
and in extreme cases the colony can only be distinguished from the 
individual by its larger size and greater number of oscula. Instances 
of this are well seen in the genus Cluthrina among Ascons, where 
the full-grown colony forms a spreading mass of tubes. Typically 
the individuals are indicated in these forms by cone-like elevations 
of the tubar system, each surmounted by an osculiim (Fig. 7, Cl. 
clathrus). In some species of the genus, however, the sponge assumes 
a very compact form, like a cushion when sessile (Fig. 6, Cl. 

CSC. 


Fia. 31. 

Tentorivm mniiniherites, O.S. On 
tlie left-limnd, an older apMinien with 
numerous oscula; on the right, a young 
specimen with one oscuTum; 
oscular tubes; h, base of attachment. Ophlitnspongia terUUa, Dwk. osc, oscula. 

reticuhm), or more or less globular when stalked (Fig. 8, Cl. lacunosa\ 
and then the number of oscula alone indicates the number of 
individuals. In other cases, again, the tubes may ramify in one 
plane, forming an incrusting colony spread over stones or seaweeds, 
from which oscular tubes arise at intervals. 

Instances of sponge colonies in which the form of the colony is more 
or less identical with that of the individual are very common also 
amongst siliceous and homy sponges. The best examples are seen in 
massive forms, such as Eu^ongia or Tentorium (Figs. 39 and 31), where the 
separate individuals are quite indistinguishable from one another, and are 
only indicated by the oscula. In such cases the composite individuality of 
the sponge can scarcely be recognised; it becomes simply a compact 
growth in which the repetition of a number of similar and complete 
physiological systems alone marks the primitive individuals. 

Most of the sponges in which the loss of individuality is most 
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marked are inhabitants of shallow water; or, if not, they are 
forms whose nearest allies are to be found along the shore, and 
whose ancestors have probably migrated into deeper water in com- 
paratively recent times. In other words, the “ impersonal ” con¬ 
dition, as it may be termed, seems to have been correlated at its 
first origin with life in a habitat where the sponge has to contend 
with, and to adapt itself to, the action of stresses and strains which 
are always very variable and often very severe, and where the 



form of the sponge becomes of the greatest importance in the 
struggle for existence. Hence the sponge colony as a whole takes 
on some characteristic mode of growth which may vary greatly 
from species to species, or even in different specimens of the same 
species. In this way a great number of different shapes and forms 
arise which are often extremely irregular and amorphous, but which 
can usually be classed under one of a series of typical forms. 
As the starting-point we may conveniently take a small com¬ 
pact sponge with numerous oscula—that is to say, a colony in which 
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the persons are indistinguishable except by the exhalant vents of 
the canal system. 

A compact sponge of this kind, if it grows more or less equally 
in all directions, becomes simply massive (Fig. 39). It may, how¬ 
ever, grow very greatly in a horizontal direction, and increase very 
little, or not at all in height; this gives a flat incmsting form, in 
which the oscula may be prominent as elevated cones or tubes, or 
may be quite inconspicuous (Fig. 32). On the other hand, the 



Fig. 35. 

Phakdlixi ventilahrum, Johiint. A , 

siiecimeu. JS, cup-Hhaped specimen. 


Fio. SO. 

Pfuikellitt teiiax (after Agassiz). §. 


young sponge may grow very rapidly in height, and in this way a 
large series of forms arises. In the first place, a sponge which 
grows vertically may become greatly branched and assume a 
dendritic form (Fig. 34). The numerous oscula are found scattered 
along the branches, which in their turn may be more or less circular 
in transverse section, or very flattened. In the second place, i*apid 
growth of the sponge in a vertical direction in height may be com¬ 
bined with a horizontal growth which preponderates in, or is 
restricted to, a particular vertical plane; the result is a fan-shaped 
ov flabdlaie form (Fig. 35, a type which may undergo subsequent 
modifications of great importance. 
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In flabellate forms the oscula are usually, if not always, found 
on one side of the sponge, the inhalant orifices on the other side. 
Flabellate sponges have a great tendency to become folded until 
the edges come into contact and undergo concrescence. This can 
be well seen in such a form as Pliakellia ventilah'um, where some 
specimens are simply fan-shaped, and others are folded into the 
form of a funnel or cup, in which the surface which bears the oscula 
is internal (Fig. 35, i>). In this way a large series of sponge forms 
arises which, according to the relative dimensions of different 
regions, may be funnel-shaped, cup-shaped, or tubular. In the 
interior are found the true oscula, and on the exterior the inhalant 
apertures. The sponge colony in these cases exactly resembles the 
primitive vasiform sponge individual, or some of its numerous 
modifications, and at first sight the terminal aperture might be 
taken for a true osculum, the central space for the gastral cavity, 
and the exhalant vents in the interior for the excurrent openings 
of the canal system. Hence the cavity in these secondarily cup¬ 
shaped or tubular forms has been termed a pse%idogaster, and the 
terminal aperture a pseudosculum. In many cases, however, it is 
impossible to determine either by simple inspection or by dissection 
whether a cup-shaped or tubular sponge represents a single in¬ 
dividual with a true osculum, or a colony with a pseudosculum. 
Similarly, a flabellate sponge may represent a colony composed of 
numerous individuals, or it may be, as we have seen in the case of 
Euryplegnia, a single individual, modified by its peculiar mode of 
growth. A knowledge of the development can alone decide which 
view is the correct one in any given instance. 

Another modification of the flabellate type is seen in Plwkellia 
tenax (Fig. 36) in which the fan has become fenestrated, resulting in 
a Gorgonia-like form. 

Many deep-sea sponges, especially those of the order Monax- 
onida, are to be regarded as having migrated downwards from the 
shore-line in comparatively recent times, and in such forms the 
influence of life in still water is seen in a great regularity of growth, 
resulting in the development of a secondary symmetry. A good 
instance of this is furnished by the remarkable form Esperiopsis 
Challengeri (Fig. 37). Both the genus and the family {Desmaddo- 
nidae, R and = Poecilosderidae^ Tops, pars) to which this sponge 
belongs comprise some of the commonest and most characteristic 
sponges of the littoral fauna, and its nearest allies exhibit the 
variable and often irregular form which in sponges is associated 
with life in shallow water. Like its allies, the species under con¬ 
sideration is a colony in which the individuals are indistinguish¬ 
able, but a more tranquil and uniform environment has favoured 
a regular and symmetrical growth which is clearly not of a primi¬ 
tive type. 



24 


SPONGES 


(c) Colour ,—^The colours of sponges are very varied, and often 
very bright, especially in the case of species inhabiting the shore* 
line, rendering them very conspicuous objects, and contributing 
largely to the display of colours in the submarine scenery of caves 



Fio. 87. 

Bneriopsin rhaVengeri, R. (after 
Ridley), i 



Fio. 88. 

Stylocordyln stipitata, Crtr. 
(after AgasMizX 



and sheltered spots along the coast. Many sponges, however, have 
no special colouring*matter, and then are simply white or gray, the 
prevailing tint amongst Calcarea. The littoral species of Demo* 
spongiae, on the other band, are usually brightly coloured, especifdly 
in the Monaxonida and Keratosa, various shades of yellow, orange, 
red, or lilac being the prevailing tints, but blue is not uncommon, 
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Green is a rare colour amongst marine sponges, but is the usual 
tint of the fresh-water Sjwngillinaej where, however, it is due to 
chlorophyll. When the chlorophyll is not developed, fresh-water 
sponges are usually brownish. In marine forms chlorophyll is 
seldom, if ever, found as a pigment, and the nearest approach to 
the bright green of Spongilla is a dull olive-green of not infrequent 
occurrence. 

Although Calcarea are usually colourless, sonic remarkable and 
instructive instances to the contrary are found amongst them, especially 
in certain species of Clathrina, Thus CL coriaceay common along the 
shores of the British Channel, has a wide range of colour variations, 
different specimens being white, yellow, orange, red, or lilac. The 
particular colour which a colony assumes docs not seem to bear any fixed 



Fio. 40. 


AjUy^na aeropholM, Ndo. (after 
Schulze). |. 
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Oxarella lobulnris, O.S. (after Schulze). 
Natural size. 


relation to other characters of its form or structure, nor is it as a rule cor¬ 
related with its habitat, since specimens of the most diverse hues may be 
found in the closest proximity, growing even on the same stone. On the 
other hand, the specimens of this species living below the ordinary tide- 
marks in certain localities are constantly of a pale lemon-yellow colour, 
and this tint has become fixed as the constant colour of an allied species, 
CL clathrusy of the Mediterranean, while CL lirimordialisy another 
Mediterranean species, shows the same variability as CL coriacea. The 
larvae of each colour variety have the same tint as their parent, but it is 
not certain how far the colour is constant during the life-history of a 
given individual. It is not improbable that it may change according to 
the circumstances of its metabolism or from other causes at present unknown, 
since the peculiar cell-granules, which are the seat of the colour, are very 
variable in quantity and may be almost entirely wanting (temporarily 1) 
in some specimens. 


The colouring-matter ot sponges is contained in cells of the 
dermal layer, especially in the epithelium as a rule. Special pigment 
cells are not found. The colouring-matter is usually very fugitive 
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and diflScult to preserve, being easily dissolved out. In Calcarea 
the cells of the dermal layer, and more especially the flat epithelium 
and the porocytes, contain numerous opaque granules, which are 
the seat of the pigment in coloured forms. When the sponge is 
placed in alcohol, the colouring-matter dissolves rapidly out of the 
granules, making the specimen a dull white or brownish colour, and 
in fact reducing it to the condition of the forms without pigment. 
In many Demospongiae, on the other hand, the pigment is more 
resistant. Aplysina aeropJioba is remarkable for possessing a pale 
yellow pigment which becomes blue, and finally black, on exposure 
to air, apparently by oxidation (Krukenberg). In alcohol it turns 
reddish-brown. 

(d) Consistence^ etc .—Different sponges yield very different sensations 
to the touch, according to the degree to which the skeleton is developed, 
the nature of the materials composing it, or the texture of the surface of 
the skin. The Myxospongida are soft, slimy, and easily squashed. The 
more primitive Ascons, for example Clathrina clathrus (Fig. 7), are 
excessively delicate when fully expanded, and collapse by their own weight 
if lifted out of the water, but acquire considerable firmness and rigidity as 
the result of contraction. Many calcareous and siliceous sponges, on the 
other hand, have the surface roughened by projecting spicules, w'hile the 
body may be brittle or friable and easily broken, or it may be very tough 
and even of almost stony hardness. In the Keratosa, the body is yielding 
and slimy to the feel, but, at the same time, excessively tenacious, very 
difficult to tear or pull apart. This feature is due to the tough elastic 
apongin fibres composing the skeleton, and is found also in Monaxonida 
according to the degree to which spongin is developed as a constituent of 
their supporting framework. 

Many sponges have, when living healthily, a strong and disagreeable 
odour, rather resembling garlic. This characteristic is very pronounced 
in the common fresh-water sponge. 

2. Anatomy and Hidology. 

The Olynthus, 

The Organisation of Sponges in Geiw al 
(a) Canal System. 

Q)) Skeletal System, 

(c) Histology. 

The OlyrUhus ,—^The simplest known type of sponge, in structure, 
as well as in form, occurs, as has been said, as a transitory stage, 
the so-called Olynthus^ in the life-history of all calcareous sponges. 
In the Olynthus the problems of sponge anatomy and physiology are 
reduced to their lowest terms, and all sponges may be regarded 
ideally as derived from it, even though the Olynthus stage may not 
actually appear in their ontogeny. 

* The organism in question received its name from Haeckel, who was under the 
iniirtstioii tliat it represented an adnlt generic type. 
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The body form of the Olynthus is typically that of a hollow 
vase, as described above, though it may vary a good deal in its con¬ 
figuration. Fig. 2, a, shows the Olynthus of ClcUhrina coriacea ; Fig. 1 
represents somewhat diagrammatically, and more highly magnified, 
that of an allied species, Cl. primordialis ; and Fig. 60, that of Sycon 
rapkanus. As a type for description may be taken that of a simple 
Ascon {Clathrina). 

The wall of the Olynthus (Fig. 1) is perforated by numerous pores, 
and at the summit is situated the large exhalant aperture or osculum, 
often defended by a contractile sphincter or sieve-membrane. The 
body wall is composed of two layers of tissue, which may be termed 
the dermal and gastral layers respectively. The dermal layer is 
the more externally situated and makes up the greater part of the 
sponge. The gastral layer lines the interior, but does not reach 
quite to the extreme margin of the osculum, the opening of which 
is surrounded by a rim or collar of variable length, made up of the 
dermal layer alone (Fig. 42, ^ and D, p.c.ep). Both layers are inter¬ 
rupted by the pores, which perforate the wall everywhere except at 
the base of attachment and in the oscular rim. 

The gastral layer is very simple in its composition, being made 
up of a single stratum of columnar epithelium, the cells of which 
are all of one peculiar type (Fig. 42, A and 7>, chx). Each cell 
bears at its upper free extremity a single vibratile flagellum (Jl\ 
which springs from the centre of an area enclosed by a delicate cup 
or collar of protoplasm (c). On account of the latter peculiarity 
these cells have been termed collar cells or choamcytes, and are very 
characteristic of sponges. In all sponges that have been studied 
the gastral layer is composed of these cells and of these alone; on 
the other hand, similar cells are not known to occur in any 
Metazoa, but each collar cell is strikingly similar to a protozoon 
individual of the class Choanoflagellata. 

The dermal layer consists mainly of a gelatinous ground sub¬ 
stance, which is covered on all its exposed surfaces—that is to say, 
on the exterior of the body wall and in the oscular rim—by a 
flattened epithelium {d.ep\ and contains the skeletal elements and 
their secreting cells and the pore cells. The flattened epithelium 
is the contractile layer of the sponge, and where the body wall is 
in contact with the substratum at the points of attachment, the 
epithelium is of a glandular nature. The skeleton consists, in Cal- 
carea, of spicules of calcite (sp) secreted within cells termed sclero- 
blasts (sj>.c). Each pore (p) is a perforation through a single cell, 
the pore cell or porocyte (px\ which stretches from the external 
flat epithelium to the internal layer of collar cells, and places the 
gastral cavity in communication with the exterior by means of an 
intracellular duct or canal. The pore canal opens towards the 
interior by a wide aperture (Fig. 42, A and D, g,a) between the 

5 




F.0.42 P. 

Histolo^ of the body wall of Claihrina asriaoea^ Mont. A, body wall seen flrom the inaide 
in the r^ion of the oacular rim. If, portion of A, ahowing the same Uiree p<Mres (p*i and 
another), but with the collar cells removed, to show the underlying parenchyma. C, aanie 
portion of the body wall, with the pores pi, jja, but seen from tlie outside, to show the hat 
epithelium. X>, Icmgitndinal section of the body wall, in the region of the oscular rim, hilly' 
expanded. £, section of the body wall, slightly contracted. Ft section of the body wall, very 
contracted. A. Ji, and C, x 7!j0 ; D, K, Ft x 500. oia.o, amoebocytes ; op^.c, apical formative 
cell; hJ.Ct basal formative cell; r, collars of (ch,c) choaiiocytes; d.a, dermal aperture of pore ; 
d.ep, dermal epithelium; >1, flagella; g.a, cpMtcal aperture of Mre; p>, p3. pores; p.c, poro- 
cytes; p.c.ep, porocytic epithelium ; ip, spicule; ignc, spicule cell or scleroblast. 
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cells of the gastral epithelium, and towards the exterior by a fine 
opening in a delicate, protoplasmic diaphragm situated on a level 
with the dermal epithelium (Fig. 42, 7>, C', and 77, iLa). 

Both scleroblasts and pore cells are derived directly from the dermal 
epithelium which in the embryo at first constitutes the whole of the 
dermal layer. Cells of the epithelium migrate inwards to become sclero¬ 
blasts ; other epithelial cells, distinguished by their larger size and 
numerous granules, become porocytes in two different ways in different 
regions. In the oscular rim the epithelium lining the interior becomes 
mollified as it approaches the gastral layer, until its cells have the 
characters of porocytes (Fig. 42, .4, p.c.€p). As the collared epithelium 

grows upwards by proliferation of its cells during the growth of the 
sponge, tlie lowermost epithelial cells of the oscular rim become sur¬ 
rounded by collar cells which pass between them and isolate them from 
one another. Each cell of the lining epithelium of the oscular rim when 
thus cut off from its fellows becomes a pore cell. In other regions of the 
body wall the ranks of the porocytes may be recruited by the direct im¬ 
migration of large granular cells of the dermal epithelium, and their 
subsequent perforation to form new pores. 

In addition to the collared cells of the gastral layer and the 
various cell elements of the dermal layer, the body wall contains 
numerous w%andering cells or avioehocytes (Fig. 42, 7>, 7>, F, am.c), 
which occur everywhere amongst the cells and tissues. Though 
lodged principally in the dermal layer, they are not to be regarded 
as belonging to it, but as constituting a distinct class of cells in 
themselves. They are concerned probably with the functions of 
nutrition and excretion, and from them arise the genital products. 

Tlie above description of the Olynthus applies to it in the 
normal expanded condition, when the sponge is feeding actively, 
with pores and oscula widely open. The cells of the flattened 
dermal epithelium, however, as well as the porocytes, are excessively 
contractile, and by their contraction bring about important modi¬ 
fications in the appearance of the sponge as a whole, as w^ell as in 
the disposition of its cells and tissues. Each porocyte can close up 
its apertures and obliterate its lumen by its own contraction, and 
in this condition the porocyte has the appearance simply of a com* 
pact, granular, amoeboid cell. The contraction of the dermal 
epithelium brings about the closure of the osculum and the con¬ 
traction of the sponge as a whole. The closure of the osculum is 
effected more especially by the large granular epithelial cells, 
destined to become porocytes, which line the oscular rim, and from 
these cells a special contractile apparatus, such as a ring-like 
sphincter or a contractile sieve-membrane, is often formed in tliis 
region. The flat epithelium covering the exterior, on the other 
hand, is responsible for the general contraction of the whole body, and 
by its action brings about a reduction in the internal gastral cavity, 
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proceeding pan passu with a thickening of the body wall, and 
resulting in a considerable diminution in the size of the sponge as 
a whole. When the contraction is carried to its extreme, the 
gastral cavity disappears altogether and the interior of the sponge 
is filled by a solid mass of cells. 

During the contraction of the sponge, the arrangement of its cell 
elements undergoes great changes, which are very important for interpret¬ 
ing the early stages of the embryonic development. The collar cells 
become first laterally compressed and very columnar (Fig. 42, E)^ and 
finally are forced over one another into several layers (Fig. 42, chc). 
During these changes the collar shortens, and is finally completely 
retracted. The spicules are also forced one over the other to form several 
layers. The porocytes, which at first were lodged in the body wall below 
(external to) the collar cells, pass between the latter (Fig. 42, £), and finally 
take up a position over (internal to) the collar cells (Fig. 42, F), forming 
an epithelium lining the now greatly reduced gastral cavity. When the 
contraction reaches the stage in which the gastral cavity is completely 
obliterated, the collar cells and porocytes fill the gastral cavity as a 
compact mass of cells, the porocytes being aggregated towards the centre, 
or rather the axis, of the sponge. Lastly, the cells of the dermal 
epithelium, the active agents in bringing about the contraction, them¬ 
selves undergo a remarkable change of form. As the cell contracts, the 
nucleus and the central protoplasm travel inwards towards the mesogloea, 
while the peripheral portion of the cell, on the contrary, becomes raised 
up. In this way the cells lose the flattened plate-like form which they 
have in the expanded condition (Fig. 42, D) and assume each a shape 
rather like a mushroom, the nucleus being lodged at the base of the stalk 
(Fig. 42, n 

When a contracted Ascon expands again, all the above changes of 
structure are repeated in reverse order. The gastral cavity appears in 
the midst of the porocytes which at first form an epithelium lining it, 
and as the expansion continues, the porocytes become separated and 
isolated from one another, and then travel outwards to take up their 
position in the w^all and to form pores. 

Contractility to a greater or less degree is found in all sponges, 
but, so far as is known, it is only in the more primitive species of 
the genus Clathrina that it is carried to the extreme degree of 
obliterating the gastral cavity, and so producing a condition com¬ 
parable to the pupal stage in the development (f/. Figs. 58, 2, and 
63, B), In those species of the genus which have spicules project¬ 
ing into the gastral cavity, contraction is never carried so far, while 
in the majority of sponges the phenomena of contraction are only 
manifested in the tem[K>rary closure of the pores and oscula, both 
of which structures, but especially the former, readily disappear 
and appear again. The condition, however, in which an OlynOm 
or any other sponge appears without osculum and pores is always a 
temporary one. 
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To sum up the facts with regard to the structure of the 
Olynthus, as found in a calcareous sponge, it is seen that its body 
wall is built up of two distinct layers, and contains five kinds of cells 
and their products; namely— 

(1) Tlie dermal layer, divided into a more external contractile 
stratum, the flat epithelium and the porocytes, and a more internal 
parenchymal or skeletogenous stratum, the spicules and their cells, 
embedded in a gelatinous ground substance. 

(2) The gastral epithelium, consisting of the collared epi¬ 
thelium. 

(3) The wandering cells, which do not constitute a distinct 
tissue or cell layer, but are found scattered in all parts of the body 
wall. At certain seasons, some of these cells become germ cells; 
hence the wandering cells and the reproductive cells may be in¬ 
cluded together under the general term archaeocytes. 

It is possible to imagine, however, a still simpler type of 
Olynthus than this, one namely in which a skeletogenous layer has 
not been evolved. The dermal layer would then consist of a single 
layer of epithelium and of the porocytes. Such an organism 
would represent the simplest conceivable type of sponge, and might 
be termed the Protolynthus. A Protolynthus stage is recognisable, 
as will be seen, in a contracted, pupal form, in the embryonic 
condition of Ascons, but as a fully developed and functionally 
j jtive organism it is not known to occur, even as a transitory stage, 
in the life-history of any existing sponge. 

From the Olynthus as a starting-point we may now consider 
the organisation of sponges in general. 

(a) Canal System .—All the cavities of the body traversed by 
the currents of water which nourish the sponge, from the time they 
enter by the pores until they pass out by the osculum, are termed 
collectively the canal system. In the Olynthus the canal system has 
been seen in its simplest type. In other forms it may attain to a 
high degree of complexity, but its general evolution can neverthe¬ 
less be reduced to simple processes of growth on the part of the 
primitive Olynthus (Protolynthus), resulting in a folding of the 
wall, and accompanied by a restriction of the collar cells to certain 
regions. In the gradual and continuous process of differentiation 
three distinct grades or types of organisation can be distinguished 
which, though connected by numerous transitions, may yet be con¬ 
sidered as three styles of architecture, so to speak, under which all 
existing lorms may be classified. 

First Type of Canal System .—As an example of this type may be 
taken the Olynthus itself (Figr 43), of which the structure has 
already been described. The parts of the canal system here are 
pores, gastral cavity, and osculum. 

This type of canal system is only found in Ascons amongst 
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Calcarea, and, as will be shown when these forms are discussed, 
the OlyrUhus may undergo various processes of growth and folding 
of the body wall without departing from this type, of which 
the essential characteristic is that all the 
canals and spaces between the pores and 
the oscular rim are lined by collar cells, 
and by collar cells only ; in other words, that 
ths gastral layer is continuous (</. Figs. 65,66). 

Second Type of Canal System .—This 
type arises from the Olynthus^ first by 
a process of unequal growth and con¬ 
sequent folding of the body wall, result¬ 
ing in the formation of a number of 
blind diverticula of the gastral cavity; 
and secondly, by the restriction of the 
collared epithelium to the interior of the 
diverticula in question, which are hence 
termed flagellated chanihers (Fig. 44, A 
^)- T**® central portion of the gas- 

bccomes lined by a flattened 
direciioiioftiiwcurmita. In this epithelium derived from the dermal layer, 

and in the next three figures, the i ^ .. 

thick black line represents the UlKl Similar 111 all rCSpectS tO the flat 

epithelium of the external surfaee of the 
body. Between the flagellated chambers, 
which may vary considerably in form and length, canals are en¬ 
closed along which the water flows to enter the chambers. From 
their mode of origin it can be seen that the lumen of these incurrent 
canals, as they are termed, is simply a portion of the outer world 
enclosed between the folds of the body wall, and lined by the flat 
epithelium of the outer surface; and further, that the apertures 
by which the water enters the chambers are nothing more than the 
pores of the Olynthus. 

At their first formation the diverticula of the body wall are 
distinct one from another, and may remain so in a few instances, 
but more often they tend to coalesce where they touch each 
other, and also, by thickening of their outer or distal extremi¬ 
ties, to form a cortex. In this way two sub-grades of the second 
type can be distinguished. In the first (Fig. 44, A) the incur¬ 
rent canals are wide spaces, continuous with one another between 
the chambers. In the second (Fig. 44, B) the coalescence be¬ 
tween the chambers narrows the incurrent spaces to definite 
canals, which commence by an opening on the outer surface of the 
cortex. The sponge as a whole now no longer shows a folded 
surface, but appears simply as if its body wall was greatly 
thickened, thus reverting in form to the Olynthus type. The water 
enters the incurrent canals by definite apertures on what is now the 
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outer surface of the body, which have the appearance of pores, and 
are often so termed; but it is obvious from the development that 
the pores on the surface of the body in this type are not comparable 
to those of the Olynthus, which are represented now by the chamber 
pores. To avoid confusion it is best to employ a terminology which 
distinguishes clearly between them, and hence the openings of the 
incurrent canals may be termed the osHuy while the chamber pores 
receive the special name of prosopyles. Similarly, the wide opening 
by which the current passes out of the chamber may be termed the 
apopyle. 

The following parts can, therefore, now be distinguished in the 
fully developed canal system of the second type (Fig. 44, B), The 
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Diagrams of the second typo of canal system. simple type, with separate radial tubes. 
JB, more complex type,, with radial tubes fused and thickene<i aistally to form cortex and in¬ 
current canals ; a poition only of the wall is represented, osf, ostia ; in.c, incurrent canals ; 
pr.p, prosopyle; jf.c, flagellated chamber; ap.p, apopyle. Other letters as in last 

water enters through the ostia (dermal pores) into the incurrent 
canals; thence it passes through the prosopyles (chamber pores) 
into the ciliated chambers; and from them it passes by the wide 
apopyles into the gastral cavity and out through the osculum. The 
gastral layer, being restricted to the chambers, is discontinuous, as 
it is in all types of canal system above the first type. 

Third Type of Canal System .—^The third type can be derived from 
the second by a further process of folding of the body wall, giving 
rise to bays or diverticula of the gastral cavity, into each of which 
several chambers open together (Fig. 45, A). Thus a system of 
what are termed excurrent or exhalant canals becomes inter¬ 
polated between the chambers and the gastral cavity proper. 
In correspondence with this addition to the canal system the in- 
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current canals also become complicated and ramified. The whole 
canal system may now conveniently be divided into three parts: 
(1) The incurrent system, from the ostia to the prosopyles of the 
ciliated chambers ; (2) the chambers themselves; and (3), the ex¬ 
current system from the chambers to the osculum. 

The canal systems of the third type may become highly 
differentiated and complicated in their several parts. Both in¬ 
current and excurrent canals may branch repeatedly and undergo 
various modifications in different regions. Quite apart from the 
complications of these systems, three stages of evolution are to be 
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Diagrams of th« third typo of canal system (onrypylous). A, inon^ primitive, with elongate 
chambers, ii, with rounded chambers, ex.c, oxcurrent canals. Otiier letters us in lost. 


observed in the relations of the chambers to the incurrent and ex¬ 
current systems, by means of which canal systems of the third type 
can be divided into three sub-types. 

In the first and most primitive sub-type the chambers open 
directly into the excurrent canals by their wide apertures or 
apopyles, and receive their water supply direct from the incurrent 
canals through the prosopyles (Fig. 45, A and B). A canal system 
of this type is said to be eurypylom. 

In the second sub-type the opening of the chamber into the ex¬ 
current canal is drawn out into a tube, usually not of great lengthy 
termed an aphodus (Fig 46, A^ aph). The relations of the chamber 
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to the incurrent canal remain as before. A canal system of this 
kind is termed aphodal 

Ill the third stage the chamber has, as in the last, an aphodus, 
and in addition a delicate canalicule termed a prosodus interpolated 
between the chamber and the incurrent canal (Fig. 46, B), and 
derived, probably, by elongation of a prosopyle. Canal systems of 
this kind are temcd diplodal. 

Thus in the most highly differentiated type of canal system, 
the following series of parts can be distinguished: ostia, incurrent 
canals,,prosodi, ciliated chambers, aphodi, excurrent canals, gastral 
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cavity, and osculum, and to these may be added further complica> 
tions of the incurrent system which will be described when dealing 
with the canal system in the different groups. 

The diplodal canal system is regarded by some authors as con¬ 
stituting a fourth type of equal value with the other three. 

OfcuZam, Gadtal Cavitij, and Pores, — The gastral cavity, properly 
speaking, extends up the exhalant canals and includes the cavities 
of the chambers. This is obvious from the development of the 
canal system that has just been traced. It is more usual, however, as 
well as more convenient in most cases, to distinguish the doacal cavity 
which opens by the osculum, and into which the exhalant canals unite to 
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pour their contents, as the gastral cavity proper, from the excurrent canal 
system. In many sponges, especially the thin-walled tubular or sac- 
like forms, the gastral cavity is wide and spacious ; in others, especially 
in marine or incrusting forms, it may be so much reduced by the thicken¬ 
ing of the body wall as to be scarcely distinguishable from the exhalant 
canals. 

It has already been seen (p. 23) that by folding or unequal growth of the 
sponge, a false gastral cavity may arise, opening by a false osculum 
(pseudosculum), and containing in its interior the true oscula which simu¬ 
late the openings of the exhalant canals (cf. Fig. 35, B). Conversely, we 
find in some Hexactinellids a flattening out of the gastral cavity and loss 
of the osculum, in which case the openings of exhalant canals simulate 
true oscula (Caulophaais, etc., Fig. 20). Hence it is not possible to 
determine the nature of an excurrent opening by simple inspection, nor 
even in many cases by its anatomical relations. 

Oscula are very often defended in various ways ; for instance, by 
fringes or palisades of sharp spicules, or by sieve-like plates or mem¬ 
branes across the opening (Figs. 16 and 18). In other cases the osculum 
can be completely closed by a contractile sphincter or diaphragm 
(Figs. 7 and 40). The oscular aperture may be on the level of the 
general surface of the body, or* raised up to form a special oscular tube, 
often of great length (Figs. 26, 26, 31), according to the requirements of 
the sponge. 

In the above account of the canal system a clear distinction has been 
drawn between true pores and ostia. The former are found on the 
surface only in the canal systems of the first type ; in other types the 
inhalant openings are always ostia. The distinction is not, however, 
always maintained, and superficial incurrent apertures are often loosely 
termed pores, without reference to their true nature. 

Primitively the ostia are scattered over the whole free surface. They 
may be restricted, however, to the upper surface, which bears also the 
oscula, as in Tentorium (Fig. 31). In fan-shaped forms the ostia are on 
one side, the oscula on the other, from which the condition with a 
pseudosculum and pseudogaster is readily derived. In the boring 
forms of Cliona and its allies the sponge is embedded in a calcareous 
matrix, but sends lobes up to the free surface, some of which 
bear the incurrent openings, others the oscula. In many sponges the 
ostia are aggregated into special sieve-like areas, termed pore sieves. 
Upgrowth of the edges of such a sieve has probably given rise to the 
remarkable state of things in Dkyringa (Fig. 26), the highest and most 
specialised type of sponge so far as canal system is concerned; a single 
inhalant opening leads by a long incurrent tube mto a sort of atrial 
cavity, surrounding the body of the sponge and containing what appear 
to be the true ostia Like the oscula, the ostia also may be defended by 
spicules or by special contractile mechanisms, often reaching in Demo- 
spongiae a high state of elaboration in the so-called eKoim (see below). 

Many authors have sought to homologise oscula and pores, often 
mean^ ostia, however, by the latter i»nn. True pores^ as i^l be seen,, 
are distinct ^m oscula in that the former are intracellular, the latter 
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intercellular, in nature and formation. On the other hand, the general 
development of the canal system precludes any liomology between ostia 
and oscula, and the great difficulty often found in distinguishing the two 
sets of structures in some Demospongiae is clearly secondary. It should 
be mentioned finally that in Euplectella and some of its allies parietal gaps 
are met with in the body wall, leading from the exterior into the gastral 
cavity (Figs. 15 and 18). These openings have, however, nothing to do 
with the canal system, and appear to be simply an architectural adapta¬ 
tion to the animal’s life-conditions. 

{h) Skeletal System. —A small number of sponges are entirely 
without any supporting framework or skeletal structures. A few 
others, mostly inhabitants of the deep sea, have, according to 
Haeckel, a pseudoskeleton composed entirely of foreign belies, 
without any elements secreted by the sponge itself; the true nature 
of the organisms in question is, however, very doubtful. 

The vast majority of sponges, however, possess a true skeleton 
(autoskeleton) composed of elements secreted by the sponge itself 
(autophya^ Haeckel), which may be supplemented to a greater or 
less extent by admixture of foreign particles (xenophya^ Haeckel), 
such as sand grains, skeletons of minute organisms, or spicules of 
other sponges, taken up by the sponge from its surroundings. The 
autoskeleton is always a secretion of the cells of the dermal layer, 
and takes the form either of mineral sclerites or spicules^ or of an 
organic substance termed spongiUy occurring usually either as a 
cementing substance, or as fibres. The spicules may be composed 
either of carbonate of lime in the form of calcite, or of colloid 
silica (opal), with in each case a slight admixture of organic matter. 

a. Spicules. —The morphological variations of the sponge spicule 
are very numerous, and their classificatory importance necessitates 
a complete and systematic nomenclature of the principal typee of 
form. Each spicule, of whatever material composed, is typically 
made up of a greater or less number of rays or arms, representing 
directions of growth, which radiate from the centre of the spicule, 
ie. from the starting-point of the secretion, and are laid down 
along a number of ideal axes. Theoretically, the number of rays in 
a spicule will be either equal to, or double, the number of axes. 
In point of fact, however? the number of rays actually present 
may be far less than the number ideally possible for any given 
type of spicule, either as the result of a secondary reduction of 
spicule rays primitively present, or it may be, by persistence of the 
spicule in a still more primitive condition in which the full number 
of rays has not yet been acquired. Thus a spicule with three 
morphological axes has t 3 rpical!y six rays, but the number of the 
latter may be reduced to two or three or even to a single one. 

The number of axes which can be recognised in a given 
type of spicule is expressed by adjectives terminating in “ axon,” 
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combined with a Greek numeral, as monaxon,” triaxon,” etc. 
The number of rays present, on the other hand, is connoted in a 
similar manner by substantives terminating in ^^actine,” or by 
adjectives terminating in “actinal,”—for example, “diactine,” or 
**diactinal spicule.” The former series of terms is usually em¬ 
ployed to express rather the ideal type of any given spicule, the 
latter to describe its actual condition. 

The following types of spicule can be recognised in sponges 
generally, each type exhibiting in its turn innumerable variations:— 

(1) The monaxon type of spicule, built upon a single axis, and 
having therefore simply the form of a rod or needle (Fig. 47, a and 
h). A monaxon spicule may be either monactinal (Fig. 47, h) or 



diactinal (Fig. 47, a), the two rays in the latter case being placed 
in the same straight line. The axis may be straight or curved 
(Fig. 48, a, 6, c, etc.). 

(2) The triaxon type, characteristic of Hexactinellids (Fig. 47, e). 
The primitive spicule is laid down along three axes which cut one 
another at right angles at a central point, producing a six-rayed or 
hexactinal spicule, which may undergo a secondary reduction of the 
rays; but so long as more than one ray persists, it meets its fellow 
or fellows at angles of 90° or 180°. 

^3) The tetraxon type of spicule (Fig. 47, d), which may be con¬ 
sidered ideally as laid down along four radii of a sphere which meet 
one another at equal angles at the centre. Hence the primitive 
form is a tetractine, of which any three rays will appear to meet a1^ 
angles of 120°, when projected in such a way that the fourth ray 
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appears as a point. In this type, however, the angles at which the 
rays meet one another are subject to considerable variation, as well 
as the rays themselves. 

(4) The polyaxon type of spicule (Fig. 48, w, o), laid down 
along numerous axes which typically radiate from a common 
centre. 

Subordinate variations of these different types will be described in 
dealing systeriiatically with the subdivisions of the Porifera. We may 
mention here, however, one differentiation of the spicules which is often 
of importance, the distinction, namely, between skeletal spicules or 
megasclereSy which by their union in various w^ays build up the general 
supporting framew’ork of the body, and flesh spicules or microscleresy 



Types of spicules (luicrosclcros). a ami h, sii'inaspiiD viewed in different directions; c, toxa- 
spirit; (If Hpinister; e, sanidaster; /, anipliiastiM*; siKma ; /t, chela (isocUela); i, one end of 
another form of chela; kj I, other forms of chela; w, MpliKiaster; n, oxyaster; o, the same, with 
six actiiies; p, another, with four actines; 7 , another, with rays rwuced to two (diactinal 
nionaxon); r, tylote inicrorliabdus; s, oxoote microrliabdus; rosette. 

which lie scattered more or less freely in the tissues. In many sponges 
ho such distinction can be drawn; in others the distinction is purely 
functional, and in so far as it has any effect on the morphological 
characteristics, affects only the size of the spicules. In some cases, 
however, the difference of function in the two classes of spicules is corre¬ 
lated with divergent morphological characters, so that the distinction 
between megascleres and microscleres may become a perfectly sound 
and useful one. 

All spicules, whatever the material of which they are composed, 
are deposited within cells, termed sderohUists. The origin and 
relations of these cellsLwill be discussed below in dealing with the 
histology; we may consider here the development of spicules 
themselves, which shows important variations. In the first place, a 
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distinction must be drawn between true otpiinm y spicules which owe 
their first origin to a single mother cell, and secondary spicules which 
can be traced back to more than one cell Secondary spicules may 
be due either to a deposit^ not of spicular nature (see below, p. 41), 
of skeletal material upon a primary spicule; or to union of several 
primary spicules to form a spicular system. The latter are usually 
many> rayed forms, such as the equiangular triradiate and quadri- 
radiate systems of many Calcarea (see below, p. 107), in which each 
ray represents a distinct primary spicule or spicular element, derived 
from its own mother cell or adinohlast, and fused secondarily with 
its fellows to form the spicular system. The distinction between 
these primary and secondary spicules is, however, one entirely in¬ 
dependent of their morphological characteristics, since in Demo- 
spongiae the spicules, with few exceptions, whatever their form or 
the number of their rays, appear to arise from a single mother 
cell; while, on the other hand, many spicular systems in Cal¬ 
carea have become secondarily monaxon in form. Notliing is 
known with regard to the formation of the triaxon spicules of 
Hexactinellids. 

The development of a primary spicule is very uniform, and that of 
a simple monaxon type may be described in general terms as a typical 
example (cf. Fig. 49, hn). The first portion to be formed is a 
minute organic rod, placed near the nucleus of the secreting cell. 
This is the rudiment of the organic axial thread, and round it is 
deposited the mineral matter. 

In calcareous spicules the organic axis is very slender, and 
the mineral matter subsequently deposited is of a crystalline nature, 
and almost, if not entirely, free from organic matter; the whole 
spicule is enveloped in an organic sheath of the same nature as the 
axial thread, and continuous with it at the apex of the spicule. 
Sheath and thread are the oldest parts of the spicule, and probably 
appear first as a minute cell vacuole in which a crystalline deposit 
subsequently takes place to form the spicule round a denser central 
portion which becomes the axial thread. The substance of the 
vacuole, and consequently of the sheath and thread, is of the same 
nature as the intercellular ground substance or mesogloea of the 
dermal parenchyma. 

In siliceous spicules the organic axis is relatively much larger and 
more conspicuous. The mineral matter is deposited round it in con¬ 
centric lamellae of colloid silica, alternating with lamellae of organic 
nature. One such organic coat probably forms an outer sheath to the 
spicule, which is not, however, so conspicuous as in calcareous spicules. 
The organic portions of the spicules grow faster than the mineral 
portions, so that the axial thread projects at the two extremities of 
the spicule rays into the protoplasm of the secreting cell. Hence 
each spicule when freed from organic matter represents an open tube, 
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with a minute lumen, the axial canal, formerly occupied by the 
organic axis. 

Although a true spicule arises as an intracellular deposit, it 
usually greatly outgrows the mother cell, and may attain relatively 
gigantic proportions, as, for instance, in the spicules of the root tuft 
of E'Uplectella and Uyaloitema, In such cases it is far from certain 
how the later growth is effected. It is commonly assumed that 
other sclerobjasts attach themselves to the growing spicule and 
dei30sit fresh mineral substance upon it. Growth of this kind 
has, however, only been demonstrated in the case of the irregular 
spicules known as desmas (see below, p. 134) of the Lithi^kla^ spicules 
clearly of a secondary nature. In Calcarea, on the other hand, the 
whole growth of the spicule or spicular element is entirely due to 
the activity of the original scleroblast and its descendants. The 
mother cell divides into a greater or less number of formative 
cells which spread over the growing spicule and build it up to the 
required size. In other cases only the nucleus of the scleroblast 
divides, and the spicule ray is enveloped in a nucleated plasmodium. 
The later development of the spicules of Demospongiae has not 
been studied, but it is probable that, as in Calcarea, all true 
spicules, whatever their size, are secreted entirely by the mother 
cell or by cells derived from it. 

When the spicule is fully formed the scleroblast, or at least 
some of the formative cells derived from it, may persist, adhering 
to the spicule after their secretive activity has ceased, as is always 
the case in Calcarea; or they may disapjjear from the spicule when 
its growth is complete, as seems always to occur in the case of 
siliceous spicules. 

The above account of spicule development applies equally to the 
individual rays of the secondary spicular systems in Calcarea, an 
account of which will be found below (p. 107). 

In addition to the secretion of mineral substance in the form of 
spicules, secondary deposits of silica are formed on the desmas, 
already mentioned of Lithistula, and in the form of cement, uniting 
spicules together, in Hexactiuellids. It is not known accurately in 
any caee how these deposits are laid down, but it is very possible 
from the mode of their formation that they represent secretions of 
a cuticular or extracellular nature, and are therefore very different 
from the spicules. 

A true spicule may, in short, be defined as an intracellular 
secretion of skeletal material, formed either by a single mother cell, 
or by a number of formative cells all derived from one such mother 
cell. 

(3. Spongin is an organic substance allied to silk, but apparently 
of variable composition. It is generally stated to yield leucin and 
glycin, but not tyrosin, when heated with sulphuric acid, and its 
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chemical formula has been estimated at (Ki-ukenWg). 

According to Hundeshagen,^ however, some spongiii contains a 
considerable percentage of iodine, while other varieties contain 
chlorine and bromine. The iodine containing variety—“iodo- 
spongin —yields tyrosin when heated with HgSO^. 

Spoiigin, as a skeletal element, occurs in two distinct forms; 
first, as a cuticular secretion of a tenacious but elastic cementing 
substance which glues siliceous spicules together into a more or 
less definite system of skeletal fihies ; and, secondly, in the form of 
minute elastic fihrillae^ secreted within cells, and furnishing a tissue 
which may be compared to the elastic tissue of higher animals. 
By atrophy of the spicules in the first case we obtain fibres of pure 
spongin, as in the so-called horny sponges (see below, p. 139). 

A remarkable property possessed by the spongin fibres of many 
sponges is that of taking up foreign particles of various kinds into 
their interior. Sand grains, sponge spicules, Eadiolarian or Fora- 
miniferan skeletons, and such like bodies which fall on to the surface 
of the sponge body, become included in the fibres, apparently by 
adhering to the tip of the fibre at its growing point, where it is 
continuous, in all probability, with the external cuticle of the sponge 
body. The absorption of foreign particles into the spongin fibre is 
therefore not so much a question of their travelling down into it, 
as of their being passively surrounded by spongin as the fibre grows 
upwards. The fibres may be so laden with sand grains and foreign 
bodies that the skeleton appears made up of them, and the spongin 
is scarcely visible. Sponge skeletons of this kind are termed 
arenacems. The habit of fortifying the skeleton in this way is one 
which has been acquired independently by forms of diverse affinities, 
and is perhaps to be regarded as a specialisation, as it were, of a 
frequent tendency to form a false skeleton by inclusion of foreign 
particles in the growing sponge body. 

Spongin originates as a secretion of certain cells of the dermal 
layer termed spongoblasts, which by their discoverer, Schulze, were 
regarded as belonging to the connective-tissue system, but are now 
more generally regarded as derived directly from glandular cells of 
the external flat epithelium. The spongin fibres are formed as a 
cuticular secretion of the spongoblasts, a fact which explains not 
only the great similarity, if not identity, in chemical composition 
that appears to exist between the superficial cuticle of many sponges 
and the spongin of their skeleton, but also the fact that the two 
may be directly continuous {Sporhgilla, Evans). The primarily 
cnticular nature of spongin skeletons further renders intelligible 
the frequent occurrence of a basal plate of spongin, serving for the 
attachment of the sponge, especially in sponges belonging to groups 
(e.g. Ckmtlina) in which a spongin skeleton is usually absent * In 
^ Quoted from I^endenfeld, Zoological lUeord, 1896. 
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one such instance, Spirastrella decumb&iis, R. and D., upgrowths from 
the basal plate, are said to give rise to a lamellar supporting skeleton 
(Keller, 1891). Where an internal fibrous spongin skeleton exists, 
it may be supposed to originate in the first instance either from the 
upper surface of the sponge body by an ingrowth of spongoblasts 
from the epithelium, or as an upgrowth from a basal spongin plate. 
An origin of the first kind would explain the very frequent inclusion 
in the fibres of foreign bodies of all kinds, which would be absent 
in fibres derived in the second way; two possibilities which appear 
to be realised in the two orders of horny sponges (see below). 

In the case of the elastic fibrillae, on the other hand, the secre¬ 
tion is intracellular, and comparable to the formation of spicules 
(see below, p. 50). AVe thus have an interesting case of a skeletal 
substance being laid down either as a spicular (intracellular) con¬ 
cretion or as a cuticular (extracellular) cement. These two forms 
of spongin secretion run parallel to the two forms of mineral 
(siliceous) deposits already mentioned. 

It must be acknowledged, however, that the details of the secretion 
of the spongin fibres still remain to be clearly investigated. Their 
cuticular nature is inferred from the relations of the spongoblasts to the 
fibres (see Fig. 50), and from the fact above mentioned of the similarity 
and even continuity between fibres and cuticle. 

The apparent parallelism between the secretion of spongin and of 
silica suggests strongly the possibility of an interchange taking place 
between these two forms of skeletal material, whereby one might become 
substituted for tlie other in a given instance. Similarly in Acanthometridae 
the siliceous skeleton of otlier Radiolaria is replaced by an Acanthin 
skeleton (see Protozoa). Such a substitution is further indicated by 
the spongin spicules of Darwinella (see below, p. 141), upon which investi¬ 
gations are urgently needed to throw light upon this point. 

An aberrant type of spongin secretion is said to occur in Stelletta 
8ia})iensi (Keller, 1891) in the form of spherical or oval bodies, each in a 
follicle-like cavity surrounded by a layer of epithelial cells ; but some 
scepticism is perhaps permissible as to the true chemical nature of these 
bodies. 

(c) Histology .—It has already been seen that the Ohjnthus of a 
simple calcareous sponge is composed of five classes of cells; four 
of these, namely, flat epithelial cells, skeletogenous cells, collared 
cells, and archaeocytes, are found in all sponges, each giving rise to 
several sub-classes. Porocytes have not, however, been recognised 
as yet in sponges other than Calcarea as clearly as could be 
desired. 

(1) Demwl Einthelium .—In all sponges an external layer of 
flattened epithelium is present, though it may apparently degener¬ 
ate in places into a cuticular covering. With a few exceptions the 
nature of this epithelium is remarkably uniform, consisting of a 
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single layer of flattened, plate-like cells {pinacocyteSj Sollas), with a 
large spherical or slightly compressed nucleus lodged in the thicker 
central portion of the cell. Mutual contact between the cells pro¬ 
duces a network, with polygonal meshes, of cell outlines, often 
visible in the living condition, and usually demonstrable without 
difficulty by means of the silver nitrate reaction. In a few ex¬ 
ceptional cases the fiat epithelium is ciliated, as in Oscarelkij 
Aplysilla^ and perhaps in some other cases. ^ It is often covered 
externally by a cuticle secreted by the cells. 

The form of the epithelial cells may become greatly modified, as has 
been described, as the result of contraction, which may cause them to 
assume a shape like that of a mushroom with a bulbous stalk—the so- 
called fiask-sliaped or onion-shaped epithelium. In most cases this form 
is only temporary ; in a few instances, however, it would appear to be 
the normal form of at least a part of the epithelium, especially where it 
is of a glandular nature. In Haluarca the epithelium of the outer 
surface—but not that lining the canals—is curiously modified in connec¬ 
tion with the abundant secretion of mucus with which this form covers 
itself.- 

In the most primitive sponges, as has been seen in the Olyn- 
ilm^ the dermal epithelium performs a variety of functions while 
remaining a uniform layer of cells. Apart from the fact that in 
the lowest forms the skeletogenous layer is recruited from it, and 
that its cells may even secrete spicules while retaining their epi¬ 
thelial position, the dermal epithelium commonly combines con¬ 
tractile (neuromuscular) and glandular functions. Thus in the 
Calcarea sphincters or specially contractile organs are formed simply 
of ordinary flattened epithelium. In the Hexactinellida we have 
no evidence of any contractility. In the Demospongiae the 
primitive condition may be retained or may be superseded in the 
higher forms by a diflerentiation of the cell elements corresponding 
to a physiological division of labour. A separation is effected 
between more internally placed contractile elements and a more 
external glandular and protective epithelium proper, and since in 
the latter the glandular elements may^become further differentiated, 
we have two new groups of cell elements arising from the primitive 
epithelial cell. 

The contractile cells oryRyocytes, Sollas (‘‘contractile fibre 
cells,” Schulze), are fusiform cells, lying below the epithelium, and 
often foiming contractile mechanisms in connection with the larger 
exhalant or inhalant openings of the canal system. Such con- 

^ LenfieiifeM at one time figtireil in ail cases the flat epithelium te flagellated, but 
these flagella, with few exception*, are to be regartled as phantasms of the living.” 

* The fignres of the epitlielinm given by Schnlse (1877) for if. Dvjanlini, and 
by Mer^kowsky (1878) for “ //. Seknltzit*' dlfler considerably. 
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Fio. 40. 

Histolc^ical elements, a, coUencytes fVom TIunm mnrit'nta; h, chondrenchyine, from 
cortex of c’ortivittm cvtm^d'abrtm (the iiiiMluuU'd Inxlles are mieroscleres) ; c, cyetenchyme, (tom 
I*athymtUUma Johnatonii (psrtly diagramiimtic); desinacylp, from Dragmuftm .Voritia/ii; e, 
myocytes in continuity with collencytes, Itoiii Cinaihym htrUiUi; f, thesoiryte, from Thtnca 
muTioaUi; g, choanocyte, from Sycon raphanm; h-n^ scleroblasts; h and i of rhabdi, from 
ChinUttn cranium/Jt of a trinene, from StelMta :.l\ of a tetracladine dPHrnu, from Thennella 
wiukoel: I, of a si}nnaM]iir«>, from VrnniaUa crunivpi ; wi, of ndiotiins, from Ifhyriviui rJiKiwitia : 
ns, of a stemister, from actnlia banxtti, (Figs, h and g aRer Schulze, the rest after SollaM.) 
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trivances are very common in Tetractinellids, and in their most 
elaborate form consist of a ring-like sphincter for closing the 
aperture, and a layer of radially arranged elements for opening it. 
In most cases only the sphincter is present. The cells resemble 
those of the flat epithelium in all respects except in form and 
])Osition; in fact, it must be confessed that the fact of their being 
distinct and separate from the epithelium has often been assumed, 
on the theory of a mesoderm, rather than demonstrated.^ 

Distinct^andular elements are not marked out in Calcarea, 
except perhaps in tlje more columnar form of the epithelium where 
the sponge is in contact with the substratum. In Demospongiae 
separate gland cells are often present, having, as has been said, a 
peculiar mushroom-like form. These cells are of special interest, 
since from them, it would appear, are derived the spongoblasts oi 
the spongin fibres, which by their secretion form a very important 
addition to the skeleton. 

The nature of the mushroom-like gland cells has frequently been 
misunderstood, it having been supjjosed that both the external disc-like 
portion and the more internal stalk contained each a nucleus of their 
own. In this way two cells were made out of one—an external flattened 
cell supposed to belong to the dermal epithelium, and a more internal 
glandular cell, decorated with processes of various kinds, considered 
as mesodermal or “ subepithelial ” in nature (von Lendenfeld). The 
external nucleus figured by this author is, however, non-existent, and the 
whole cell belongs to the dermal epithelium. In many cases, indeed, 
e.g, in Calcarea, the cells described as glandular are simply cells of the 
flat epithelium in a contracted state. 

I Th^spongoblasts are found as a sheath or “mantle” investing 
the growing spongin fibres. Each spongoblast is of columnar form 
(Fig. 60), resembling a mushroom-like cell of the epithelium, 
without, however, the terminal disc. In Dictyoceratina the spongo¬ 
blast layer surrounding the fibres is said to be continuous with the 
epithelium at the surface of the body, where the tip of the fibre 
raises the outer skin. The question of the origin of the spongo¬ 
blasts is one which is, however, urgently in need of renewed in¬ 
vestigations, current theories being based more upon assumptions 
than upon oi>servations, as in many other questions of sponge 
histology. When the spongin fibres are fully formed, the glandular 
spongoblast mantle disappears, its cells becoming, according to 
Schulze (1879), stellate cells of the skeletogenous layer. 

Before leaving the epithelium there remains for consideration the 
question of nervous elements in sponges. The existence of special 

* Thus Merejkowiky (1878) describes in Haliaarea a muscular sphincter of Ihsi- 
ferm cells not covered by the “ syncytium “ ; in other words, conipow^ of cells of 
the flat epithelium. 
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epithelial orl6ub*epithelial nerve cells has been affirmed by Stewart 
(1886) for Grantia compressa^ and by Lendenfeld (see especially [8]) for 
various sponges. Sollas also cautiously suggested a similar interpretation 
for certain elements observed in or near the sphincters of Tetractinellids, 
and proposed for them the term aesthacytes. No proof was at any time 
brought forward, however, as to the nervous nature of the structures in 
question, and at the present day the existence of any special nervous 
apparatus in sponges has become universally discredited, partly because 
subsequent investigations have been unable to confirm the alleged die* 
coveries, and partly because some of the structures supposed to be 
sensory receive a simpler explanation in another way. For instance, the 
so-called “palpocils” and “synocils,” described in Calcarea by Stewart 
and Lendenfeld, can easily be found in preparations of these sponges, 
especially if mounted in glycerine, as already noticed by Lendenfeld 
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Fig. 50. 

Orowinff itponKin fibre, with spongoblasts attached (after Schulze). x550. spongiii 
fibre; spoiigoblasts ; Coll, collencytes. 

(1891), They are nothing more than portions of .the dermal epi¬ 
thelium raised up into a tent-like elevation by the projecting ray 
of a calcareous spicule, which has become dissolved in the preparation. 
In the interior of the papilla thus formed are seen the scleroblast or 
formative cells of the spicule, spread over the spicule sheath and running 
up to the tip of the ray ; and it is these elements, and perhaps some 
others also, such as wandering cells, which have been erroneously 
identified as sense cells. 

In the Olyiithus there can be no doubt that the flat epithelium 
perforins sensory functions of an elementary kind, but it exhibits as little 
special differentiation for this function as it does for that of contractility. 
In Calcarea generally the same state of things is found ; reaction to 
external conditions is manifested both by the porocytes and by the flat 
epithelium, but the primitive condition of the dermal layer in this group 
makes it almost certain that nerve cells do not occur here. Of Hex- 
actinellids nothing can be stated definitely either way. In Demospongiae 
it is not possible to deny positively d priori the existence of nerve cells. 
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for where contractile cells are differentiated, the existence also of special 
nerve cells is at least possible. It can only be said that the existing 
statements with regard to sense cells in sponges are, for the most part) 
quite untrustworthy, both in matters of fact and observation, as well as 
of interpretation, and that a complete scepticism with regard to this 
point is not only justifiable, but even demanded, in the present state of 
the question. 

(2) Porocytes ,—The description given above for the pore cells 
of the Olynthus may be extended, in its main features, to those of 
all Calcarea. The porocytes are large, coarsely granular, cells, very 
contractile, and capable of considerable migration by amoeboid 
movement. The pore duct arises by an intracellular perforation. 
In Heterocoela the porocytes form the chamber pores or prosopyles, 
the so-called dermal pores being intercellular ostia. 

In CUithrinidae the pores are situated on the surface of the body, on 
a level with the dermal epithelium, but in Leucosoleniida€ and in the 
^illii‘d Heterocoela (SycoUf Leucandra^ etc.) the pore is placed at the inner 
end of a funnel-shaped depression, forming a short afferent canal. For 
.such cells Bidder (1) has suggested the term pyloq/tes. 

The origin of the porocytes, from the dermal epithelium, and 
especially from that lining the oscular rim, has been described 
above. In the latter region the same cell layer which furnishes 
))orocyte3 gives rise also to sphincters or contractile membranes 
for closing the oscular opening, a fact which emphasises the con¬ 
tractile nature of the pore-forming cells. Besides their contractility, 
a remarkable feature of the porocytes is the readiness with which 
they give rise to skeletal structures of various kinds. Thus in 
Clathrimhie (and all Calcarea?) the fourth or gastral rays of the 
quadriradiate spicules are secreted each by a porocyte (see below, p. 
108, Fig. 75, 4 and 5). Moreover, in many Calcarea (e.g. Claihrim 
roruicea, encrusting form) the porocytes pass into the gastral cavity 
between the collar cells, and give rise to a cellular network ramify¬ 
ing throughout the whole gastral lumen. The strands of the net¬ 
work are composed of ix)rocytes placed end to end, and the axis 
of each strand contains a fibre which has the same staining 
reactions as tlic sheaths and axial threads of the spicules. Tlie 
fibres appear to be formed as an intracellular secretion of the poro¬ 
cytes, wliich in tliis way furnish an elastic framework for the 
support of the delicate sponge body. 

The porocytes were long overlooked or interpreted erroneously in 
Calcarea, and great doubt still attaches to their existence in non- 
calcareoiis sponges. A comparison witli Calcarea would guide us to seek 
for them in the prosopyles, but there is as yet no proof that the p^;peo- 
pyles in siliceous sponges are intracellular ducts. Most authors have 
been unable to decide definitely as to tbe nature of the prosopyles^ but 
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incline to regard them as intercellular gaps simply, formed by the 
epithelium of the incurrent canals dipping in towards an interval 
between the collar cells. On the other hand, the dermal openings of the 
incurrent canals in Demospougiae have frequently been described as 
intracellular ducts, especially in very young specimens (Carter, Maas, 
Delage). It is possible that the openings seen in these cases were those 
of true porocytes belonging to chambers in direct contact with the outer 
surface. That the ostia of the incurrent canals should be formed by 
intracellular perforations of porocytes would be a fact very difficult to 
interpret in the light of the general evolution of the canal system, as 
sketched above. 

It seems, on the whole, more reasonable to assume at present, until 
the contrary has been proved, that in siliceous sponges also true (intra¬ 
cellular) pores are to be found at the prosopyles. In that case the 
prosodus would probably owe its origin to the elongation of a porocyte 
and its duct, and variations in this respect would explain the contra¬ 
dictory statements made in some cases (e.g. Oscarella) as to w'hether prosodi 
are present or not. The question is one, however, which cannot be 
settled without further investigation. 

While the existence of intracellular pores, comparable to those of 
Ascons, is doubtful in siliceous sponges, there seems no doubt that cells 
comparable to the porocytes exist in a variety of siliceous sponges 
the so-called cellules spJn^ruleuses of Topsent (in part; see below, p. 
59). The cells in question are of lobose, amoeboid form, densely packed 
with refringent granules, which obscure the nucleus; they resemble, in 
fact, the contracted porocytes of Ascons. They are very conspicuous cells, 
and it is therefore remarkable that their pore-forming function, if they 
possess any such, should not have been observed hitherto; precisely the 
same fact was, however, true of Calcarea until quite recently, porocytes 
having often been observed, but their relation to the pores overlooked.^ 

Ill many siliceous sponges some of the very granular cellules 
spJiimleuses, which are here regarded as porocytes, secrete fibrils 
of an elastic substance differing so little in its nature from the 
spongin that cements the spicules, that it can only be regarded as 
a variety of it (Loisel [10]). The cells in question, which may 
be termed spongoblasts, are found sometimes isolated, sometimes 
in groups, but most commonly in rows, like a string of pearls (Fig. 
51, a and b). The spongin makes its appearance near the 

' A possible theory of the porocytes would be that they were cells of the dermal 
layer which in some ca.ses have acquired a special ingestive or phag^xiy'tic r6le in 
addition to their other functions. Such cells would naturally tend to place 
themselves near the oi)eDiugs through which the currents enter the sponge body, 
and might eventually come to surround these apertures. This view would explain 
not only the alleged differences, mentioned above, in the position of the pore cells in 
calcareous and siliceous sponges, but would also explain their apimrent absence in 
many of the latter, where it must be supposed that the ingestive mechanisms lemain 
at a lower stage of elaboration. In support of the theory here put forward, it may 
1)0 pointed out that the iwocytes of Calcarea entrap and Ingest larger bodies, such 
ii4 Diatoms, which are often to be found in them. 
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nucleus as a minute spherule easily distinguished by its staining 
properties from the ordinary cell granules. The spherule grows in 
length and becomes a rod. The rods of neighbouring cells in each 
string unite to form a jointed fibre, each segment being separated 
from the next by an intervening substance less resistent to acids 
and alkalis (Fig. 51, J3). The secreting cells next become spindle- 
shaped, and their contained rods become in consequence elongated 
and drawn out (Fig. 51, C and D). At the same time, their 
substance acquires a denser consistence, more tenacious and less 
soft The result is a slender fibril, in which the segmentation 
gradually ceases to be visible, enclosed in a protoplasmic sheath. 
During this process the secreting cells gradually lose their 





Fio. 51. 

Diai^rainTimtiG representation of tlie fonimtion of elastic tlbrillae in tlie interior of spoo^ 
blasts (iiorocytfts ?), after Loisel. A, spongoblasta, eacli containing a minute, rod*like body, 
disposed iiTe^ilarly at a, arranged in a row at h. B, the nxls are uniting end to end to form 
a Jointed tibril. (later stage, the nxis more elongate, and the cells now almost free flr^ 
spherules. /), fibril cuiitinuous, cells coiiiiiiencing to degenerate. E, fully formed fibril, with 
adherent cell remnants ; n, nuclei. 


spherules until they are left with a clear cytoplasm and nucleus 
(Fig. 51, F). Finally, the fibrils come to lie free in the parenchyma, 
losing their enveloping cells, the nuclei of which appear to become 
scattered in the ground substance. The whole process of fibril 
formation is thus comparable to the secretion of the spicules, each 
joint being formed in precisely the same manner as a single monaxon 
spicule, while the whole fibril represents a number of spongin spicules 
joined end to end, just as a triradiate calcareous spicule represents 
a system of monaxons joined at a centre. On the other hand, the 
secretion of these fibrils appears to be in every way comparable 
to the secretion by the porocytes of a fibrillar framework in the 
gastral cavity of many Calcarea. It is therefore highly probable 
that the cellules splidiideiises represent the porocytes of Calcarea, 
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and originate like them from the dermal epithelium, from which 
also arises the spongoblast layer, which by its secretion cements 
the spicules together. It is possible that the porocytes in siliceous 
sponges have only a skeletogenous function, and have not acquired 
any relation to the pores, but this question must at present be 
considered an open one. 

(3) The Skektogenom Stratum is developed to a very variable 
extent in different sponges. Scarcely recognisable in some, in 
others it attains great proportions, making up all but a relatively 
insignificant portion of the total bulk of the sponge body. It consists 
of a gelatinous ground substance or meeogloea (“ maltha,” Haeckel), 
which contains cells of various kinds. The mesogloea is the first 
portion to appear as a structureless layer between the dermal and 
gastral epithelia, and is probably a secretion of the former. Cells 
from the dermal epithelium next migrate into the mesogloea, form¬ 
ing a parenchyma which is concerned primarily with the task of 
furnishing skeletal structures for the support of the sponge body. 

The separation, however, between the contractile (epithelial) and 
skeletogenous (parenchymatous) strata of the dermal layer does not 
amount to a very hard-and-fast distinction. As regards the function of 
secreting skeletal structures, we find not only that so important a con¬ 
stituent of the skeleton as spongin owes its origin apparently to cells of 
the epithelium which have secondarily passed inwards, but that even 
spicules may be secreted by cells of the epithelium which remain 
in their primitive position, as in Leucosoleniay Spongillay and 
probably in many other cases. Further, in Ascons, and very 
probably in all Calcarea, the skeletogenous layer does not grow by 
multiplication of its cells amongst themselves, but their number is 
recruited throughout life by immigration of cells from the. dermal 
epithelium ; how far the same is true of other sponges has not been 
investigated Hence the distinction between the epithelial and skeleto¬ 
genous tissues is rather one dependent upon a gradual specialisation 
of function, differing in degree from one species to another, than upon 
morphological characters of fundamental importance, and there is no 
reason from the histological point of view for regarding the skeletogenous 
tissue as constituting a special layer or ** mesoderm ” possessing the same 
importance or independence as the dermal or gastral layers. 

The cellular elements of the parenchyma may be classified at 
the outset into scleroblasts and connective tissue cells, the difference 
between the two being primarily one of function, according, that is 
to say, as a cell does, or does not, secrete a spicule. Of the two 
classes of cells thus marked out only one may be present in a given 
case. Thus in Ascons, and perhaps in Calcarea generally, con¬ 
nective tissue cells are absent, and though they have frequently 
been described, the cells which have been so interpreted are in 
reality merely scleroblasts or formative cells which, in the process of 
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section cutting, have become artificially separated from their spicules. 
In the Myxospongiae, on the other hand, the parenchyma consists 
entirely of connective tissue cells, none of which secrete spicules. 

The connective tissue cells or collencytes (Sollas) are marked out 
by their clear protoplasm, free as a rule from coarse granules, and 
by their fine thread-like pseudopodial processes (Fig. 49,* a). In 
both respects they usually stand in sharp contrast with the wander¬ 
ing cells or amoebocytes, abundant, as a rule, in all parts of the 
parenchyma, which in their more ordinary form are remarkable for 
their very granular protoplasm and thick lobose pseudopodia, giving 
the cell a form best compared to that of a potato. The collencytes 
have been observed during life to be actively amoeboid, sending 
out their thread-like pseudopodia and withdrawing them again. 
The pseudopodia of two neighbouring cells may come into contact 
and fuse temporarily. These changes of form may be accompanied 
also by changes in the position of the cell as a whole (Schulze, 1877, 
p. 16). As a rule each collencyte has several processes, but in other 
cases the number may be reduced to two, giving the cell a more or 
less elongate, bipolar form. Hence the connective tissue corpuscles 
may be distinguished as stellate and fusiform, the distinction being 
in most cases merely a temporary one, correlated perhaps with a 
particular position. By further specialisation, however, of one of 
these two forms of cells, and the acquisition by it of a definite 
form and characters, certain classes of tissue elements become 
marked out. Thus in most Demospongiae there are found special 
fibre cells or desmacytes (Sollas; Fig. 49, d), derived doubtless from 
bipolar collencytes, and furnishing the elements which bind the 
spicules together into sheaves and fibres to form a continuous skeletal 
framework or a special fibrous coi*tex. In other cases, again, the 
collencytes—probably in the first instance those of the stellate 
variety—acquire a vesicular structure resembling to some extent 
the vesicular connective tissue found in many invertebrates. Such 
cells are termed “ cystencytes by Sollas, and the ti8.sii<» composed 
of them, “ cystenchyme ” (Fig. 49, c). 

According to the nature of either the cells or the ground substance of 
the skeletogenous stratum, the body parenchyma may differ greatly both 
as regards histological characters and consistence in different cases. 
Sollas has distinguished a number of well-marked types of parenchyma 
by appropriate terms : collciichyvm, where the ground substance is abund¬ 
ant, clear, and colourless ; sarcenchymaf where, on the contrary, the ground 
substance is relatively less abundant and granular ; chmdrenchyma (Fig. 49, 
6), where the ground substance is dense and the parenchyma of cartilaginous 
appearance; and finally, cystenehyma, which has been mentioned abovo 

There remain finally for mention those elements of the dermal 
layer which secrete the spicules. The scleroblasts wheu separate 
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from the epithelium, which, as has been said, is not always the case, 
are usually at first rounded cells, within which a minute spicule 
appears as an intracellular concretion (Fig. 49, k). As the spicule 
increases in size it outgrows the secreting cell, which assumes the 
form of a fusiform or stellate corpuscle apposed to the shaft, or 
attached to the tip, of the growing spicule, and sometimes sending 
out processes towards other cells (Fig. 49, A, i). If the spicule 
formed is of large size, the cell, or at least its nucleus, commonly 
divides to furnish two or more formative cells. In Calcarea, where 
the scleroblasts migrate inwards from the external epithelium, they 
at first resemble the epithelial cells in being very granular, but as 
the spicule grows the granules gradually disappear, and at the same 
time the nucleus decreases slightly in size. In Spongilla the spiny 
inicroscleres are formed within cells of the flat epithelium which 
have the usual granular nucleus, but the macroscleres are formed 
within larger cells of the skeletogenous layer, of which the nucleus 
is at first vesicular in structure, but afterwards becomes granular 
(Evans). More than one scleroblast may combine together to form 
a compound spicular system, as in Calcarea (see below, p. 108). 

In Calcarea the scleroblast, or at least one of the two formative cells 
derived from it, remains attached to the fully formed spicule. In 
siliceous sponges, on the other hand, no cells have as yet been described 
attached to the full-grown spicules, and hence it is probable that the 
scleroblast leaves the spicule when its task of secretion is completed, as 
occurs also in the case of one of the formative cells in the triradiates of 
Clathrinidae. This fact may perhaps be correlated with the development 
of a distinct connective tissue system in siliceous sponges, and its absence 
in the Calcarea. In the latter the formative cells that quit the spicules 
appear to go back to the external epithelium again [17]. 

(4) The Gastral Layer consists in all sponges of one kind of cell 
and one only, the so-called collar cells, aggregated to form an 
epithelium of a very peculiar and characteristic type, which fur¬ 
nishes a continuous lining to all but a small part of the gastral 
cavity, as in Ascons, or is broken up into discontinuous cell groups 
lining the flagellated chambers (see above, p. 32), as in all other 
known sponges. Each collar cell resembles, as has been said, a 
single cboanoflagellate monad, their most striking characteristic 
being the possession of a protoplasmic collar surrounding the flagel¬ 
lum, as described above for the Olynthus (cf. Figs. 62 and 63). 

The variations of the collar cells or choanocytes of different sponges are 
limited in their range as compared with the free living, and therefore 
more adaptable Choanoflagellata. Differences are seen chiefly in the 
position of the nucleus, in the relative size, shape, and structure of 
the collar, and in the size of the cell as a whole. The largest collar cells 
are found in the Calcarea, and especially in the family Clathrinidae^ 
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amongst which the species Atcaivira fidcata^ H., is pre-eminent in this 
mpect, and may be taken as a type (Fig. 52, A). The cells in question 
are columnar, and about half as long again as they are broad in the 
fully expanded state. When contracted they become narrower and more 
elongated, a change due to pressure of the surrounding tissues, and not 
probably to the activity of the collar cells themselves (Fig. 52, J?, c). The 
large nucleus is lodg^ at the base of the cell, as is always the case 
in Clathrinidaei at least during the resting state of the cell. Each 
choanocyte is in contact with its neighbours for about two-thirds of its 
length, and the distal third forms a freely projecting ** neck {collum\ 



Pki. 52. 


Collar cells of various spouses. A , of Aioandra fadooia^ H. U, of CWKrim coriaeea, Mont.; 
A, fully expanded; 5, less e\]iandt*d; c, retracted down to hoop; d, condition of complete 
contraction, r, a. collar cell of Sycon ciZiofum, Fabr.; 5, of LetteowUnia eompticatn, Mont 
D, a, collar of HalhchontlrUt jmnfcra; h, of SponMla ; he, base of collar; Col, collar; fi, 
Sagelliim; h, hoops stipiiorting collars; n, nuclei. C, a, after Bidder; D, a and h, after Voamaer 
and Pekelhariiig. B, x 1000: x about 850 or 000. 


bearing tlie collar (coUare), The junction of body and neck is marked by 
a distinct flange or " shoulder.” The base of the collar encloses a mound 
of protoplasm continuing the neck, from the centre of which arises the 
fla^llum. 

The cytoplasm has a very distinct alveolar or vacuolar structure, and 
larger vacuoles—or it may b^ one large vacuole—are commonly found at 
the upper extremity, just below the flagellum, representing very probably 
food vacuoles, by means of which the cell ingests food particles captured 
by the flagellum. Contractile vacuoles have been frequently described 
by older authors (ap. James-Clark, the discoverer of the true nature of 
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collar cells, Savile-Kent, and others), but in more recent times they have 
not been seen by any observer, and their existence must be considered 
doubtful 

The cytoplasmic reticulum is clear and as a rule not very granular, 
but usually contains one or more coarse refringent granules, similar to 
those found in the dermal epithelium. There are commonly found also 
a few irregular granulations, perhaps food particles. The nucleus is 
rounded, slightly irregular in form, and always attached in CkUhrinidae to 
the surface of the cell It contains usually a distinct nucleolus, and an 
irregular, blotchy, nuclear reticulum. 

The single ilagellum is long, slender, and of even thickness throughout 
its length. It arises in Clathrinidae always from 
a distinct granule of peculiar staining pro|>ertie8, 
situated at the summit of the cell When the cell 
is fully expanded, the flagellum in preparation 
appears homogeneous and dithcult to see '; but in 
the contracted state it is dark, granular, and ap¬ 
parently very brittle (Fig. 62, B, d). During life 


.s^ 






Fio. 58. 


ChoanoHaKellnta, after France. On the left, Codonosiga botrytU^ J. Cl., x850, Rhowing the 
coinniHiicing traiiHverHe tliMjon. In tlie luidtlle, SaZpingoeoa8. K., x&OO. On the 
right, Dijtloiiiga Entzii, France, x 400. col, collar; i.col, e.col, in Diplosija, iuterual and external 
collar; /I, flagellum; st, stalk; th, theca. 


it appears, in side view, to have a rhythmical stroke from side to side, 
with a longer pause on one side than on the other; the beats in the 
collar cells of Sycon are normally about ten to the second (Bidder). 
Seen in surface view the flagella show a whirling movement, each one 
moving quite independently of its neighbours (Vosniaer and Pekelharing 
[30]). 

The collar, the most characteristic feature of the cell, is in A&candra 
fakata a remarkable structure. When fully expanded it reaches a great 
length, far exceeding that pf the cell, and is supported by two hoop-like 
thickenings or rings—-one more proximal, which is very distinct, and one 
more distal, usually less distinct (Fig. 52, A and li, h). At the base, up 
to the flrst hoop, the collar is thickened and appears finely granular in 
optical section; beyond the first hoop it becomes much thinner, and its 
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distal extremity is often difficult to see, especially the actual opening. 
Hence these cells were at first described and figured by Carter and Dobie 
as having three flagella—a larger median and two smaller lateral. 
More usually the collar is found retracted down to the level of the second 
(distal) hoop, which then appears thickened and easy to make out. 
Frequently the collar is found still further retracted, and it often ends 
at the first hoop (Fig. 52, c). In the extreme case of contraction of 

the sponge, no collar is to be made out at all. 

In Clathrina coriacea there appears to be but a single hoop, correspond¬ 
ing probably to the proximal hoop of A, falcata; and in Sycon^ according 
to Bidder, the collar is fluted, being supporte<l by about thirty vertical 
rods or thi .kenings (Fig. 52, C\ a). Within the collar, at its base, Bidder 
describes a sphincter-like thickening (hoop ?). In Leucosolenia the collar 
cells are very similar to those of Sycm (Fig. 52, C\ b). 

In Choanotlagellata, Franco (1897) describes the collar as originating 
by the. folding round of a protoplasmic membrane or band, which runs 
up the side of the body and is twisted in a spiral round the base of the 
flagellum. Its structure could be imitated by twisting one end of a broad 
paper band or ribbon into the shape of a funnel. Nothing of the kind 
has been described in collar cells. 

The details of cell division in the case of the collar cells have not as 
yet been studied in full, but in Clathrina coriacea this process is initiated 
by the nucleus travelling to the summit of the cell ami taking up a 
position beneath the flagellum. The nucleus then divides, one half 
passes down, and the cell divides transversely to its long axis. The 
upper half, bearing the original collar, grows a new basal portion, into 
which its nucleus travels ; the lower portion forms a new collar and 
flagellum. 

In ontogeny the collar cells—that is to say, the ciliated cells of the 
embryo, which become the collar cells of the adult—have always the 
nucleus near the distal extremity, and the flagellum arising directly from 
the nuclear membrane, and passing out through the cell. This condition 
is retained in the Lencosolcniidae and most Heterocoela, and is probably the 
primitive state of things. When it occurs the larger vacuoles are found 
at the base of the cell, not at the summit. In Clatliriniduc, however, the 
nucleus loses its connection with the flagellum, becomes attached to the 
side of the cell, and finally travels down to the base, leaving behind it at 
the upper extremity the distinct granule from which the flagellum arises, 
representing, i>erhaps, a centrosome (cf. Fig. 58, 5). It is interesting to 
note that, os described above, each collar cell in this family w’hen about 
to divide commences by placing its nucleus in the primitive position at 
the apex of the cell. 

In siliceous sponges the collar cells are much smaller than in Calcarea 
and often excessively minute. In Halich&ndria the nucleus is apical, as 
in Leucoiolenia; in Spomjilla^ on the other baud, it is basal, as in 
Clathrina (Vosmaer and Pekelharing). 

Much discussion has been carried on as to the existence of a membrane 
uniting the margins of the collars, described by Sollas in many Deiilo- 
spongiae, and hence termed **Sollas’s membrane.’^ It was asserted by 
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SoUas that the edges of the collars became united by concrescence, giving 
rise to a continuous membrane, perfomted for passage of the flagella 
(cf. Fig. 54). Eecent researches have failed to con linn these statements 
'cf. Vosraaer, Pekelharing, and Bidder), and the appearances seen by Sollas 
are attributed to defective preservation. The matter cannot yet be con¬ 
sidered as settled satisfactorily.^ 

Before leaving the subject of the collar cells, it is necessary to mention 
the frequently alleged transformation of collar cells and their subsequent 
immigration into the parenchyma to recruit the ranks of other classes of 
cells. Bidder (1891) formerly asserted the origin of porocytes in Ascons 
from modification of collar cells, but this view is now hardly tenable in 
view of the recent investigations which put the origin of the porocytes 
from the dermal epithelium beyond a doubt (cf. Minchin [17]). More 
recently Masterinan (1894) has asserted that collar cells when full fed 
liecome amoeboid and pass into the parenchyma as trophocytes (see below. 


m 


A A 

Fio. 54. 

Choanocytes with coalescwl collars (Sollas’s membrane), after Sollas. A, longitudinal 
section through two flagelluted chambers of Anthmlra cmimnnia, Soil. ; /), dinKram of the 
fenestrated membnine produced by coalescence of the collars, i, i)iosoj»yles; c, aphotli; r, ex¬ 
current canal; m, Sollas's membrane. 




p. 68), and that further, after having distributed their nutriment to the 
parenchymal cells, they take up waste products and migrate to the surface 
of the body, where they act as nephrocytes. It seems more than probable 
that these statements are founded on mistaken observations. 

(6) The Arcliaeoajtes represent in many ways the most important 
cell layer of the sponge, but at the same time the one which, up to 
the present, has been least studied. They are in their nature un¬ 
specialised cells, scarcely modified in structure from the blastomeres 
of the ovum, and capable of giving rise again, as sexual cells, to the 
whole organism or, in the gemmules, to any form of tissue (cf. 
Maas [12]). They stand, therefore, in sharp contrast to the tissue 
cells, which, having assumed definite morphological characteristics 
correlated with the performance of particular functions, are only 
capable of multiplying to form other cells like themselves. The 

» Numerous ilescfiptions and figures of collar cells have been published by Lcnden- 
feld at various times, but It is not necessary to refer further to them here. 
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archaeocytes correspond to the germ cells of other Metazoa, 
but stand on a lower grade than those of any Enterozoa, 
in so far as the germinal cells here are not idle cells, set apart 
and biding their time to develop, but actually work for the whole 
cell colony, performing elementary functions of digestion, distribu- 
tion, and probably excretion, like leucocytes in other animals. In 
sponges, to be brief, a leucocyte which has worked for the organism 
may become a germ cell. In other animals leucocytes and germ 
cells form two distinct classes of cells, though in Echinoderms at 
least they appear to have a common origin. 

In accordance with these important facts the archaeocytes may 
be considered from two points of view: first, as wandering cells, or 
anvoehocytes; secondly, as reproductive cells, or iokocytes. These two 
categories are not, however, to be regarded as two distinct classes 
of cells, but simply as two different plmes in the activity of one 
and the same kind of cell. 

(a) Aiiwebocytes. —The wandering cells of si)onges are, as a rule, 
easily distinguished from other cells of the parenchyma by their 
lobose, rounded appearance, and the quantity of granules with which 
their cytoplasm is usually packed, and which obscure the nucleus 
in a general view of the cell. Very frequently more than one kind 
of wandering cell can be distinguished, according to the nature 
of the contained granulations, one kind having coarse, large 
granules, the other fine granules, as in Clathrina contorta. Since 
these granules are certainly to a great extent dependent upon the 
state of metabolism of the sponge, these differences may correspond 
only to variations in the functional activities of the same cell. In 
other cases, however, differences of function appear to have led to 
the establishment of well-marked and constant structural differences 
between the cells, which may affect both nucleus and cytoplasm. 
Thus in Spmyilla, Fiedler (1888) has described two kinds of 
wandering cells which he has termed “ Fresszellen ” (phagocytes) 
and “Xiihrzellen” (trophocytes) respectively; the former which 
occur always near the free surfaces of the sponge body are 
concerned more especially with the ingestion, and perhaps 
digestion of food; the latte^, found in all parts, appear to 
provide for its distribution, ^t^o these two classes must be added 
a third, belonging really to the class of trophocytes but specially 
charged, apparently, with the function of storing reserve material, 
and hence conveniently termed thesocytes (Sollas). 

It is by no means beyond a doubt that the two classes of wandering 
cells distinguished by Fiedler have exactly the function which he attri¬ 
butes to them. The trophocytes frequently contain diatoms, and various 
1x>dics apparently of the nature of food particles taken up by thpm; 
hence their function may perhaps be pliagocytic as w'ell as trophocytic. 
Fiedler’s phagocytes, on the other hand, may possibly possess an excretory 
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function. Their evenly granulated cytoplasm and their superficial 
position would both favour this view.^ 

Tho thesocytes in SpotigUla contain a large vacuole filled with sub¬ 
stance of lui amyloid nature, and in addition a certain number of solid 
amyloid grains. The presence of these substances is perhaps due to the 
activity of the chlorophyll corpuscles which the cells contain. For an 
account of their nature and their reactions to stains, etc., see Lankester 
(1882). 

The thesocytes probably correspond in part to the cellules sph&Ur 
UuseSy a name by which Topsent seeks to distinguish a class of cells 
found in all sponges, and frequently containing bodies of amyloid nature, 
representing reserve nutriment. The possession, however, of “ spherules,” 
i.e. of large refringent granules, is not one sufficient of itself to dis¬ 
tinguish a class of cells. Topsent’s cellules sph^ruleuses are certainly 
porocytes in Ascons, and are probably the same in many other cases. 
In some cases, however, they may represent thesocytes, i.e. trophocytes 
charged with reserve materials. Loisel [10] has shown that in Reniera two 
classes of cellules sph&uleuses occur: (1) isolated cells containing nutrient 
amyloid bodies ; (2) cells vrithin which are formed the elastic fibrils. 
The former, in our opinion, would be thesocytes, the latter porocytes. 

The three possible differentiations of the amoebocytes or wander¬ 
ing cells would therefore be ingestive cells or phagocytes, nutritive 
cells or trophocytes, and finally, storage cells or thesocytes. It is 
probable, however, that any wandering cell can perform each or all 
of these functions, and that the characteristics by which one or 
another of the different kinds of cells can be distinguished are 
of transitory nature, and mark simply a passing phase of the 
metabolism. 

In addition to the large wandering cells, there occur in Ascons others 
of excessively minute size, not more than four or five fi in length, each 
with a minute, faintly staining nucleus and clear cytoplasm. They 
often occur in nests, as if they had originated from the breaking up of 
larger cells, and it is possible that this is the manner in which the 
ordinary wandering cells reproduce themselves in these sponges, and that 
each of these minute cells is destined in its turn to grow into an ordinary 
wandering cell. Their complete history is not as yet made out, but this 
view receives some support from the fact (1) that cells are commonly to 
be found showing every gradation of character intermediate between 
these minute cells and the ordinary wandering cells; and (2) that the 
numerous small cells produced in the ontogeny by breaking up of the 
posterior granular cells pass in the young sponge into the condition of 
these minute wandering cells (Fig. 58, 6, am,c). 

(/3) Tokocytes. —^From a purely histological point of view the re¬ 
productive cells may be regarded as a form of thesocyte, a tropho- 

* It is not impossible that Fiedler’s phagocytes might be simply porocytes {cellules 
sphtruleusea)* Cf. footnote to p. 49, supra, 

7 
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cyte in which the absorptive or anabolic power is increased, the 
distributive or katabolic function largely in abeyance. When 
special trophocytes exist, the tokocytes in their earliest stages 
resemble them in all points, and undoubtedly belong to this class of 
cell elements. 

In sponges generally two classes of tokocytes can be dis¬ 
tinguished : first, sexual cells or gonocytes, the mother cells of ova 
and spermatozoa of the normal type; secondly, gemmule cells or 
statocytes, such as compose the gemmule in Spongilla, 

The gemmule cells will be discussed when considering the growth 
and development of the gemmules ; it is sufficient here to say that they 
arise from the same stock as the sexual cells, and that both in appearance 
and potentialities they are comparable in every way to blastomeres of 



Fu;. 55. 

Sperm cells of eponges. a-ht development of Hi)ermatozoa of Sycon raphaniu, x7y2; h, 
mature epermatozoe (after Pol^aeff); j, a sperm ball in Oscaixlla lolmlarU, x500; k, a mature 
isolated .spermatozoon (after Schulze), xSOO. 

the segmenting ovum. AVe may consider more especially the origin of 
the sexual cells. 

The spermatogenesis has been studied in a number of forms, and 
appears to conform to one of two types. In the first type of sper¬ 
matogenesis, which has been especially studied by Pol6jaefF in Sycorif and 
by Fiedler in Sjmujilla, the male gonocyte or aperrnatogonium undergoes 
a division of the nucleus into two dissimilar nuclei, one of which travels 
to the periphery of the cell, while the other remains near or at the centre 
(Fig. 56, a and 6). The protoplasm then segments oflf in connection with 
the peripheral nucleus to form a covering cell or 9 pennatocy 8 t surrounding a 
sperm mother c«ll or spermatocyte. The former may remain single (Sycon), 
or may divide again to form two covering cells (Spongilla). The sper¬ 
matocyte undeigoes repeated cell division by karyokinesis to form a 
number of spermatids, each of which becomes a spermatozoon in the 
usual way, the nucleus giving rise to the head, the cytoplasm to the tail. 
The result is a mass of spermatozoa or sperm baU, endos^ by a covering 
cell (Fig. 65, c, d, c, /, g). The second type of spermatogenesis is essentially 
similar, but differs in the absence of any covering cell, the whole sper¬ 
matogonium giving rise to a sperm ball, which ma 3 »^ be enclosed in an 
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adventitious envelope or follicle derived from the cells of the parenchyma 
(Fig. 65, j). In Spongilla also the covering cells tend to disappear and to 
be replaced by a similar adventitious follicle, which in this case may, 
however, enclose several sperm balls. 

Nothing has as yet been made out with reference to the interesting 
phenomena of chromosome reduction, now so universally established in 
other animals. To judge from Fiedler’s figures the number of chromo¬ 
somes is small in Spongilla, apparently four in the germ cells and eight 
in the somatic cells (?). The detailed structure of the spermatozoa also 
remains to be studied. 

The oogenesis and the maturation of the ovum has been studied 
in Spongilla by Fiedler, and more recently in Sycon by Muas [15]. As 
in other cases the history of the ovum may be divided into two periods— 
the first of growth, the second of maturation. The ova are formed in all 
parts of the body by growth of wandering cells. 

In Spongilla each ovum becomes surrounded by a follicle formed of 
cells of the parenchyma, amongst which a certain number of trophocytes 
work their way. The trophocytes are concerned with the nutrition of 
the ovum ; it is remarkable, however, that the granules in the two 
kinds of cells have different reactions, the nutriment received from the 
trophocytes being worked up by the ovum into yolk granules, which 
stain with bleu de Lyon in the way characteristic of such granules. When 
the ovum is full fed no more trophocytes are to be seen in the follicle, 
which by the growth and pressure of the ovum has assumed an endo¬ 
thelial character. The full-grown oocyte has a large germinal vesicle 
containing a large central mass of chromatin or nuclear corpuscle. 

During the maturation period the chromatin becomes concentrated 
and individualised into chromosomes. Two polar bodies are given off in 
the usual way.^ 

The fertilisation has been studied only by Maas in Sycon. The 
spermatozoon penetrates the ovum before formation of the second polar 
body. The two pronuclei swell up and come together at the middle of 
the long axis of the ovum. They then break up to form the first 
segmentation spindle, in which maternal and paternal chromosomes can be 
recognised side by side, and distinct from one another. The axis of the 
spindle coincides with the longitudinal axis of the ovum. All subsequent 
cleavages of the ovum are preceded by typical mitoses. 

^ So Maas; Fiedler, on the other hand, describes the formation of the polar 
bodies, as well as the cleavage of the ovum, as taking place by means of a peculiar 
kind of direct division. 
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Table of the various Classes of Cells. 


Dermal Layer 


\ ^Gastral Layer 

§ 


I. Epithelial stratum 
II. Porocyte.s . 

III. Skeletogenous stratum 

. V 

IIV. Gastral epithelium . | 


r 

Ue. 


Archaeocytes {pri 
mordial cells) 


.( 


V, Amoebocyted (i/;andcr- 
iiig cells) 


7. 

8 . 
9 . 

10 . 

11 . 

12 . 

13. 


I 14. 

I VI. Tokocytea {reproductive I 
^ cells) . . . 


Finacocytes {epithelial 
cells). 

Myocytes {corUractile 
cells). 

Gland cells. 

Spongoblasts. 

Pore cells. 

Scleroblasts. 

Collencytcs {stellate 
cells), 

Desmacy tes {fibrecells), 

Cystencytes {bladder 
cells), 

Choanocytes {collar 
cells). 

Phagocytes {ingest ive 
cells).^ 

Trophocytes {nutritive 

Thesocytes {storage 
cells), 

Statocytes 'jcmmule 
cells), 

Goiiocytes {sexual 
cells). 


Historical Review of Sponge Histology .—The earlier observers by teasing 
up sponges with needles saw amoeboid cells and sometimes ciliated cells. 
The discovery of the resemblance of the latter to Choaiioflagellate was 
made by James-Clark (1867), who, like most of his contemporaries, con¬ 
sidered sponges as Protozoan colonies. It was Leuckart (1854) who first 
drew attention to the architecture of the sponge as a whole, and com¬ 
pared it to a Coelenterate. Haeckel (1872) formalised this conception, 
and termed the two layers composing the body wall deriml and gastral 
respectively. His names are adopted here in the same sense. The 
dermal layer, which he termed “ exoderAi,” and compared to the ectoderm 
of Coelenterata, was regarded by him as a syncytium, made up of fused 
cells, the protoplasm of which formed the clear ground substance of the 
parenchyma, while the nuclei with a small quantity of protoplasm 
formed the corpuscles. The spicules arose by crystallisation in the 
ground substance, a condensation of which around the spicule formed 
its sheath. The gastral layer (“entoderm”) consisted of the collar cells, 
from which arose the ova and spermatozoa. 

Schulze in 1876 exposed the falsity of HacckePs syncytium theory 
by the discovery of the flattened epithelium. Although this was a great 
advance from the histological point of view, the conceptions of sponge 
structure which Schulze founded upon it were less happy, and in many 
respects further from the truth, than Haeckel’s views. He considered the 
flat epithelium to be partly ectoderm, partly endoderm, the collar cells 

• It IB possible that the phagocytes should be classiBcd under the porocytes (see 
al>ove, ]>. 49, footnote). 
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to be endoderm, and all nou-epitbelial tissues to be mesoderm. This 
view, which for twenty years has been dominant, has in many respects 
retarded our knowledge of the group, especially from the physiological 
point of view, since it has led to cells of very diverse nature being 
lumped together as mesoderm (see below, p. 85). 

We reject here the mesoderm theory, both on structural grounds, 
which have already been explained (p. 51), and for further developmental 
reasons ; the fact, namely, that the so-called mesoderm, with the sole 
exception of the wandering cells, does not represent a primary germ layer 
set apart once and for all in the embryo, but only a progressively special¬ 
ised, and somewhat heterogeneous, portion of such a layer, which, in 
Calcarea, as already stated, is continually recruited from the dermal 
epithelium by immigration of cells. The view here adopted is nearer 
to that of Haeckel ; sponges consist of a dermal layer (not a syncytium) 
and a gastral layer, together with a number of archaeocytes, not recognised 
by Haeckel. The homologies of these layers with those of other animals 
are questions which require special consideration. 

3. Reproduction and Development 

In sponges generally three modes of reproduction may be dis¬ 
tinguished. The first of these may be termed vegetative reproduction, 
and can only be distinguished from ordinary growth by its leading 
to the formation of new individuals by budding instead of to a 
simple increase in size in an individual already existing. The other 
two n.ethods are effected by means of special reproductive cells 
(tokocytes), and may be distinguished as asexual, by means of 
gemmules or special reproductive bodies, and sexual, by means of 
ova and spermatozoa. The first and third of these methods are 
seldom absent, the second is less common. 

(a) Vegetative Reproduction ,—At the outset a distinction must 
be drawn between cases where the new individuals produced are set 
free (discontinuous budding), and where they are not (continuous 
budding). In the latter case the budding is in many cases difficult 
to distinguish from simple growth, and the distinction between the 
two processes will depend on the criterion adopted of individuality in 
the sponge organism (see below, p. 89). If the criterion taken be the 
embryological one, and each osculum be reckoned as the sign of an 
individual or sponge person, then the formation of a new osculum 
in a sponge colony may bo regarded as a case of budding, which 
results in the addition of a new person to the colony. In some 
cases where the persons, in this sense, are distinct and well 
individualised, the term budding may be well applied, but in other 
cases the distinction between growth and budding becomes rather 
artificial. 

Continuous budding, as above defined, is of almost universal 
occurrence amongst sponges, except in forms with well-marked 
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individuality, such as Euplectdla and many other Hexactinellids, 
and a few Demospongiae, in M’hich, so far, it is unknown. Discon¬ 
tinuous budding, on the other hand, is less common, though 
sufficiently widely spread in all the main groups. 

The formation of free buds is seen in its simplest forms in the 
Ascons amongst Culcarea, and in Oscarella amongst Demospongiae. In 
Ascons a portion of one of the tubes is nipped off as a small spherical 
reproductive body, ns described by Miklucho-Maclay (1868), though arbi¬ 
trarily contradicted by Haeckel. In Clathrina buds are formed during the 
extreme state of contraction when tlie tubes have become perfectly solid, 
and the collar cells form a compact mass of rounded cells obliterating the 
gastral cavity. Tubes while in this condition are often seen to assume a 
moniliform-headed appearance, and each head or swelling breaks away 
and becomes a free, solid, reproductive body consisting of an external 
dermal layer, containing spicules and a central mass of rounded gastral 
cells. After drifting about for a time the bud fixes itself, expands to 
form anew its gastral cavity, and then by acfpiiring an oscnliim and 
pores develops into an Olynthus. In the far less contractile Lencosoleniufaej 
on the other hand, the reproductive body, formed in an essentially similar 
manner by becoming nipjied off from the extremity of a diverticulum, is 
always hollow, its thin wall formed from the same elements as the wall 
of tlie sponge. It fixes in the same way as the buds of Clathrina, and 
develops into an Olynthus (Vasseur, 1878). 

In Oscarella, according to Schulze, free buds are formed as papillae 
protruded from the surface, which become nipped off as little vesicles, 
each containing ciliated chambers, and surrounded by a flat amoeboid 
epithelium, whicli sends out pseudopodia. The vesicle becomes fixed and 
<levelops into a little sponge, apparently a minute Rhagon (see p. 125). Of 
quite a similar tvj)e is tlie formation of free buds in Ilexactinellids, the 
result being the formation of a little Rhagon-like organism (Fig. 76), 
which in Lophocalyx may accjuire an osculum before separation from the 
])arent. In all these cases the bud is produced simply as a separation off 
of a portion of the body, and contains all the layers and tissues which 
enter into the composition of the parent organism. In Tethyn, however, 
the budding appears to be of a different type, and is better considered 
under geininule formation (see below, p. 67). It is of interest to note 
that in many sponges with free l)uds special adaptations exist, derived 
from the skeleton, for the purpose of extruding them from the parent 
body. Thus in Lophocalyx (Hexactinellida) the buds are carried outwards 
from the mother form by long spicules, which finally break off and set the 
Imd free. Similarly in Tdhya the reproductive bodies are pushed out by 
the growth of a long monaxon spicule, on the point of which the bud is, 
as it were, impaled, and in like manner the buds of Aplytilla are carried 
outwards on the tip of a spongin fibre. 

Tlie method of propagation by free buds has been successfully 
imitated in sponge culture by artificial cuttings. The horny sponge* of 
commerce can be propagated in this way, but a considerable time is 
required for the cuttings to grow into a lai*ge sponge. 
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(6) Gemmule Fm'mitmi ,—This method of reproduction, though 
occurring also in many marine sponges of various groups (Topsent), 
is seen in its most typical form in Spongillinae, where its details 
have been carefully studied (see especially Zykoff [33]), and which 
may therefore be taken as a type of gemmule reproduction. 

The gemmiiles are formed in the late autumn as a protection 
against the winter in Europe, but in the tropics they are more 
usually formed at the commencement of the dry season, during 
which the sponge is liable to desiccation. Each gemmule consists 
essentially of a local aggregation of wandering cells, that is to say, 
of trophocytes which become laden with refringent granules repre¬ 
senting reserve material of the nature of food-yolk. A great 
number of such cells, which may be termed statocytes^ migrate by 
their own activity into one spot in the skeletogenous parenchyma. 
The cells of the parenchyma then secrete round them an adventitious 
capsule forming the gemmule envelope (Fig. 56, A, B, and (7, i.ch.e). 
The fully formed gemmule is a tough, seed-like body, and consists 
of a densely packed mass of statocytes surrounded by a special cap¬ 
sule. Each statocyte resembles in appearance a blastomere of a 
segmenting ovum; its large vesicular nucleus can scarcely be made 
out in the midst of the yolk granules with which the cells are 
crammed (Fig. 56, 0)* In the simplest cases the capsule may con¬ 
sist merely of a chitinous membrane; this may, however, be forti¬ 
fied by the addition of a layer of spicules, which may be either the 
ordinary microscleres of the parent sponge, as in Spongillay or may 
be composed of special spicules not found ordinarily in the sponge, 
as in the case of the amphuliscs of EphydutUi (Fig. 56, amph). 

The ripe gemmule is very resistent to vicissitudes of moisture 
and temperature, and in Europe remains dormant until the spring, 
the rest of the sponge dying away. The gemmules can be separated 
from the parent sponge, and then give rise each on germination to a 
tiny sponge individual; but in nature they seem more often to 
remain entangled in the skeleton of the parent organism, and to 
repeople it, as it were, on the approach of warmer weather, so that 
the sponges seem to die in the autumn and revive again in the 
spring. On germination the capsule bursts and the contents creep 
out, forming an irregular amoeboid mass. The statocytes multiply 
actively and become tissue cells of various kinds. The finer details 
of the process of cell differentiation remain to be accurately studied, 
but would appear to resemble in all essential points the transforma¬ 
tion of the blastomeres into tissue cells during the embryonic de¬ 
velopment. In fact, the gemmule isphymlogicaUy equivalent to the ovum 
at the close of seg^nenUdion^ i.e. to a mass of blastomeres enclosed in a 
special capsule, and capable each of developing into one or another 
form of tissue cell, with the difference, however, that the statocytes 
are not derived like blastomeres from the segmentation of one 



66 


SPONGES 




Fio. 56. 

Ttiree stai^es in the development of a gemmule in SpongUla (after ZykoffX In A the imoebo* 
eytea (etatoeytee), packed with refHngeiit gnmulea, are becoming aggregated at one epot, and 
the parenchymal celle round them are taking an epithelial form and eecretiiig an admititioiiM, 
chitinooa envelope; still fnrtiier away, the aniphhflsce are being formed In scattered cells of the 
parenchyma. In B the statocytes are densely packed and enclosed by the chitinous coat with 
its secreting epithelinin; the amphidiics are now passing betweeit the cells of the Utter. In 
C the amplildiscs fbrm a detiiiitely arranged coot intemal to the secreting eplthelinm, which is 
now placed on the exterior, and is secreting a second chitinoiis envelope external to the amphhlisee. 
amjia. autphidiscs; amph\ a young amphidisc; intemal, and e.cit.e, external, mitinous 
envelopes; gl,ept glamluUr epitlielinm; <>r, oxeote spicules of the sponge; jmr.o, parenchymal 
cells; id.(r, statocytes or getnmule cells. 
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overgrown gonocyte, but represent each a separate germ cell, which 
has arisen independently of its fellows by modification of a wander¬ 
ing cell 

It is evident that were a gemmule to be composed of a single enlarged 
statocyte, a case would arise which would be difficult to distinguish from 
parthenogenesia Such seems, as a matter of fact, to be the true interpreta¬ 
tion of the “ budding ” of TeUiya^ in which, according to Deszo, each bud 
arises from one of a number of large cells, termed by him Sprosszellen 
(germinating cells). Each Sprosszelle is contained in a capsule in the 
cortex and gives rise by division to a multicellular reproductive body, 
from which a small sponge develops like a bud on the surface of the 
parent. 

Gemmules, similar apparently to those of Spongillinae, have been 
observed by Topsent in many marine sponges, not only in forms allied to 
Simigilla {Reniera^ etc.), but also in genera so far removed from it in the 
system as Clioim and Craniella (Tetractinellida). 

(c) Ewlnyology, —All sponges, so far as is known, develop by means 
of a ciliated larva, produced from a fertilised ovum which under¬ 
goes, in all cases, a total or holoblastic segmentation.^ After swim¬ 
ming freely for a longer or shorter period, the larva fixes itself and 
undergoes a complete metamorphosis, after which it develops into 
a young sponge, with pores and osculum, which commences to feed 
and grow. 

In Clionoj the boring sponge, the ova are extruded from the sponge 
before segmentation has commenced, and go through their whole develop¬ 
ment outside the maternal body. In all other known cases the ovum 
goes through its early development, up to the formation of the larva, 
within the maternal tissues. Hence the early development of sponges 
may be divided conveniently into three periods : (1) The emhrymic period, 
from the ovum to the free swimming larva, usually passed within the 
maternal tissue ; (2) the larval or free swimming period; and (3) the 
pupa/ period, from the fixation to the formation of pores and osculum. 

There is scarcely any zoological problem which would appear, from a 
study of the literature alone, to be so confused and difficult as the 
embryonic development of sponges. The difficulty proves, however, to 
be due not so much to the nature of the objects themselves as to the 
many prejudices and preconceived notions with which they have been 
studied. We may commence the account of this chapter in sponge 
morphology with the life-history of a very simple and typical form, such 
as Clathrina hlanca^ in which the adult structure is in all respects similar 
to that of the Olynthiu already described. The embryology of the 
remaining types may then be studied from a general point of view, by 
comparing, first, the various types of larva, and secondly, their meta¬ 
morphosis and organogeny. 

1 For fertiliiistion soe above, p. 61. 
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Development of CUUhrina hlanaa seen ah a living object with moderate magnilicatiom 1, 
larva seen in optical nection; 2^, pnpal stage of the Hrst day of fixation, metamorphoals 
complete; 2^, a small portion of the same a few hours later, showing a distinct epithelium on 
the surface: 8, pupaattliecnnimencemeiitoftlie third clay after fixation, showing the young 
sj^ttles and the gastral cavity beginning to form; 4, young sponge with pores and oaeulom, 
Of the fifth day. e.p.e, contracted porocyte; Jt.epf flat epithelium; o.v.c, expanded poromrte; 
osf, osculnm; gpic, spicule. 


tains a coagiilable fluid; its wall is composed of a single layer ^of 
columnar, flagellated cells, with compressed or onion-shaped nuclei* 
At one point, the future posterior pole of the larva, are a pair of 
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very large granular cells with vesicular nuclei, which represent 
undifferentiated blastomeres and are destined to give rise to the 
archaeocytes, and therefore also to the sexual cells of the adult. 
The flagellated cells, on the other hand, are the ancestors of all 
the tissue-forming cells of the adult. 

The larva is hatched either in this condition or by retardation 
at a stage slightly in advance of it and swims freely for about 
twenty-four hours, first at the surface of the water and then near 
the bottom. Meanwhile, a new class of cell-elements is being formed 
by modification and immigration of individual cells of the flagellated 
parietal layer (Figs. 57 and 58, 1). Here and there a flagellated cell 
is observed to retract its flagellum, while its nucleus undergoes an 
alteration in shape and structure, becoming spherical, with more 
evenly distributed chromatin and with a nucleolus. The cell at 
the same time becomes more compact, draws in its more external 
portion, and finally migrates from the body wall into the internal 
cavity of the larva (Fig. 58, As the result of this process, 

repeated often and at all points in the ciliated layer, with the 
exception of the extreme anterior pole, the larval cavity becomes 
filled with a mass of amoeboid cells, and the larva itself shrinks 
considerably in size. By the second day the larva, which is now 
ripe for fixation, has become a compact, planula-like organism, con¬ 
sisting of three kinds of cells : (1) The external layer of flagellated 
cells, destined to become the gastral layer ; (2) an inner mass of 
amoeboid cells, the future dermal layer; and (3) the two still un¬ 
changed posterior granular cells. Larvae of this type are termed 
parenchymulae, and are found in the family Clathrinidae and in some 
Heterocoela. 

The larva fixes by the anterior pole, or by one side, and under¬ 
goes a complete change of form and appearance, becoming a flattened 
plate with irregular amoeboid contours (Fig. 57, 2^*). In fact, at the 
metamorphosis it resembles nothing so much as a small Amoeba, 
whereas when free swimming it might have been mistaken for an 
Infusorian. At first cell-outlines are not clearly distinguishable on 
the surface, but towards the end of the first day of fixation the 
surface can be seen to be covered by a distinct layer of flat 
epithelium (Fig. 57, 2^). The metamorphosis of the larva, when 
complete, is eftected by means of radical changes in the relative 
positions and functions of the different cell-elements of the body 
(Fig. 58, 2). The majority of the cells of the inner mass of the larva 
have passed out to the exterior and acquired a superficial position, 
forming an epithelial layer, the future dermal epithelium enclosing the 
formerly external ciliated layer. This reversal of position is effected 
partly by dehiscence, the inner mass bursting out at some part of the 
larva and growing round the disrupted ciliated layer, and partly by 
diapedesis, the individual amoeboid cells struggling through the 
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Development of Clathrlna blanca ae seen in eectlone. 1, larva; la-l^, four etagea in the 
modifleatkm and immigration of a ciliated cell into the inner inaee; 2, section of pupa after 
completion of metamorphosie (tint day); 8, section of pupa on the second day. Tiie iinmigra* 
tion of cells from the dermal epithelium, to form the skmetogenous stratum, is going on actively, 
the poroeytes are ageregated in the centre, and the gelatinous ground substance is making its 
appearance. 4, section of pupa early on the third dav. The g^ral cavity, lined by poroeytes, 
and the spiculee have appeitfed. 6, section of pupa towards the end of the fourth day. Tlie 
gastral cavity is lined by gastral cells, which are commencing to develop collars ana flagellar 
while their nuclei are migmtlng towards the bases of the cmls. llie spicules are large; the 
position of the future osculum is indicated; the poroeytes are migrating outwards: and the 
anioebocytes have changed in appearance. afs.c, amoebooytes; ei/.c, ciliated cella: tuC, 
gastral cavity; esc, OKcnlum; p.c, poroeytes; p.(7.c, posterior granular cells; skelt skcleto- 
gciious stmtum; sjdr, spicules. 
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ciliated layer to the exterior. The epithelium of the upper surface 
and edges is formed by the first method (overgrowth), that of the 
central portion of the under surface chiefly by the second method 
(undergrowth). The ciliated cells of the larva have lost their 
characteristic form, becoming simply rounded, with an irregularly 
shaped nucleus attached to one side of the cell; they lie huddled 
together in a compact mass in the interior, and hence their flagella 
are very difficult to make out. Scattered amongst the ciliated cells 
are a certain number of cells of the larval inner mass which still 
remain in the interior and are destined to become the future 
porocytes. The greatest change is that undergone by the two 
posterior granular cells, which have become broken up into a great 
number of small corpuscles of peculiar aspect rather resembling some 
varieties of leucocytes. As a result of all these changes the pupa 
at the completion of metamorphosis, Le. towards the end of the 
first day of fixation, consists of the following cell-elements: (1) An 
external, fiat epithelium, derived from the inner mass of the larva, 
enclosing (2) a compact mass of cells, the formerly external ciliated 
cells of the larva, amongst which are (3) a few porocytes, derived 
from the larval inner mass, and (4) a great number of minute amoe- 
bocytes, derived from the two posterior granular cells of the larva. 

The subsequent development is comparatively simple. On the 
second day of fixation the pupa becomes more compact, and by 
drawing in its marginal pseudopodia, assumes the form of a bun or 
cake (Fig. 58, 3). At the same time, a number of the superficial 
dermal cells have migrated inwards from the epithelium and taken 
up a position immediately beneath it, where they become grouped 
in trios to form the triradiate spicules, which arise exactly as in the 
adult (Fig. 58, 3, skel). In this way is initiated the division of the 
dermal layer into the external contractile and the internal skeleto- 
genous strata. The porocytes meanwhile have become grouped 
together in the interior of the pupa. The results of these changes 
are better seen on the third day (Fig. 57, 3), when the young spicules 
beneath the epithelium have become very obvious; and at the same 
time the future gastral cavity has made its appearance as a more 
or less irregular space, or spaces, in the middle of the centrally 
placed porocytes, which at first form a continuous epithelium lining 
the cavity (Fig. 68, 4). 

Towards the end of the third day the further enlargement of 
the gastral cavity causes the cells of the porocy tic epithelium lining it 
to become separated and isolated from one another, so that the 
gastral cells come to form the boundary of the cavity. On the 
fourth day the pupa has grown in height, chiefly by the develop¬ 
ment of a now spacious gastral cavity, round which the gastral 
cells form in most places a single layer (Fig. 58, 5). The porocytes 
are migrating outwards, and are found either between the gastral 
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cells, or to the outer side of them, in the dermal layer so that they 
begin to be visible on the exterior. The amoebocytes have assumed 
one of the forms under which they occur in the adult, but their 
further development has not been followed. The gastral cells begin 
now to assume a columnar form and the collar and dagellum begin 
to be clearly visible; they line the whole gastral cavity except at one 
spot on the upper side, where they are wanting, and the l^y wall 
is formed by the dermal layer alone, with an epithelium of porocytes 
towards the interior; this is the region of the future osculum and 
oscular rim. 

On the fifth day ^ of fixation the pupa becomes a young sponge 
of more or less tubular form, with an osculum formed by a break¬ 
ing through of the body wall, and with numerous pores, formed by 
canaliculation of the porocytes which now are placed quite super¬ 
ficially (Fig. 57, 4). The collar ceils are well formed and functional, 
and the sponge begins to feed and grow. 

In the above development it will be noticed that all the events which 
take place after the metamorphosis are similar to events which take place 
constantly during the life of the adult sponge. The spicules are formed 
by cells which immigrate from the external epithelium, exactly as in the 
adult, and even the way in which the first porocytes are separated off by 
the simple fact of their not migrating outwards, at the metamorphosis, in 
company with the remaining cells of the dermal layer, may be regarded 
as an abbreviation of the manner in which their numbers are subsequently 
recruited from the dermal epithelium. The formation of the gastral cavity, 
its relation to the porocytes, and the movements of the latter are repeated 
in the same manner and order every time the adult sponge expands itself 
after becoming completely retracted. In the same way the temporary 
heaping up and consequent disfigurement of the flagellated cells during 
the metamorphosis takes place also every time the adult sponge contracts 
itself, and is not in any way comparable to the immigration of these cells 
in the larva to form the inner mass, since in the former case no essential 
histological or physiological change takes place in the cells. Hence it is 
legitimate to compare the compact pupal stage which results from the 
metamorphosis to the adult sponge in its completely contracted stage, and 
it is evident that, were the pupa to expand itself at an early stage with¬ 
out further differentiation of its component cell layers, we should have the 
simplest conceivable form of sponge, one, namely, in which the body wall 
was made up of a gastral layer composed of collar cells; a dermal 
layer composed of flat epithelium and porocytes without a supporting 
skeletogenous layer; and finally, amoebocytes (archaeocytes) scattered 
about in the body wall. 

A bird's-eye view of the whole life-history, from ovum to 
OlyfUhui, enables us to distinguish six distinct processes in the 
development 

* Those dates represent what is probably the meet normal course of events but are 
liable to great variations in different larvae. 
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(1) Cell multiplication or segmentation of the ovum. 

(2) Primary cell differentiation into tissue-forming cells (histo- 
cytes) and primordial or reproductive cells (archaeocytes). 

(3) Secondary cell differentiation or separation of the histocytes 
into two primary germ layers (blastogenesis). 

. (4) Kearrangement of the cell layers in accordance with their 
disposition in the adult (metamorphosis). 

(5) Tertiary cell differentiation or tissue formation (histogenesis). 

(6) Growth and acquisition of the body form (morphogenesis). 

In Clathrina these six processes follow one another in the order 

here indicated, the first and second taking place during the embry¬ 
onic period, the third during the larval period, the fourth at fixa¬ 
tion, and the fifth and sixth, more or less intermingled, during the 
pupal period. We shall find that the great apparent differences be¬ 
tween the various types of sponge development are in the main the 
outcome of changes in the order in which these processes occur, and 
in their relation to the three periods of development, such changes 
being combined with specific or morphological characters of compara¬ 
tively slight importance. For instance, all cell differentiation may 
be thrown back to the embryonic period, thus coming to precede 
the metamorphosis, and in such cases the larval period is rendered 
barren, so far as developmental processes are concerned, and may 
be greatly shortened, lasting only a few hours. In some Ascons, 
on the other hand, e,g. Clathrina cerebrum^ the |)elagic larva may 
swim at the surface for three or four days. 

(j8) Types of Sponge Larvae .—In the absence of any knowledge of 
the developmental history of the Hexactinellids, we may consider 
first the Calcarea and then the Demospongiae. A very instructive 
evolutionary series is furnished by the larvae of calcareous 
sponges, for which the larva of Clathrina hlanca^ described above, 
may serve as a convenient starting-point. 

The larvae of other Clathrinidae are pareuchymulae very similar to that 
of CL blanca, but exhibiting variations in two important features. In the 
first place, the conspicuous posterior granular cells may vary in number 
in different species, there being perhaps only one, or as many as four, 
or even a yet larger number in some cases ; or, on the other band, they 
may be absent altogether, the body wall being made up entirely of 
ciliated cells. The latter condition is due in reality to the cells in 
question having become broken up into minute amoebocytes before the 
larval period instead of after fixation, and in such cases the inner mass 
of the larva contains two kinds of cells, which were regarded by Metsch- 
nikoff as ^‘endoderm” and mesoderm” respectively. It is interest¬ 
ing to note that all these variations in the condition of the posterior 
granular cells or amoebocytes may occur as abnormalities in one species 
(e,g. Clathrina hlanca). 

In the second place, the apparent absence of posterior granular cells in 
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some parencbymulae paves the way for an important variation in the 
mode of formation of the inner mass. We have seen that in CL blanca 



immigration of cells takes place at any point When there are no f>os-> 
terior granular cells, however, the immigration may he entirely restricted 
to the posterior pol^ so that the hindermost flagellated cells l^me con- 
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tinually modified and pass into the interior, their place being filled by 
the closing in of the ciliated layer. Thus three types of parenchymulae 
can be distinguished in the Clathrinidmy which may be tabulated as 
follows:— 

Posterior OrsnulAr Cells. Iiiimigration. 

1. Present .... Multii)olar (Ex. Cl. blanca). 

2. Absent .... Miilti])olar (Ex. Cl. cerebrum), 

3. Absent .... Unipolar (Ex. Cl. reticulum). 
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Types of sponge larvae, diagrammatic; the ciliated cells are left clear, the dermal cells 
(inner mass) are shaded, the archaeocytes are granulated. Transformation of ciliated (gastral) 
into dermal cells is represented by graduated shading. 1, larv'a of Clathrina reticulum ; 2, 
newly-hatched larva of Leueoaolenia (pr pseudo-gastrula stage of Sycon) ; 8, late larva of Icvco- 
solenia (or newly-hatched larva of Syeon) ; 4, larva of Otcarella (after Maas); archaeocytes 
coixiectural; 5, larva of Myxilla (after Maas); 6, completely ciliated larva of a horny sponge; 
Sjionyilla is similar, but contains a cavity near to the anterior pole. 

The type of parenchymula larva exemplified by Clathrina 
reticulum (Fig. 69, 1) affords an easy transition to the so-called 
amphiblastula larva found in Leucosoleniidae^ and in the great 
majority of Heterocoela, To understand the evolution of this type 
it is necessary to suppose that in a normal parenchymula larva 
with archaeocytes placed internally, and with immigration at the 
posterior pole, the segmentation cavity has become greatly reduced, 
and is practicidly filled up by the archaeocytes. The consequence 
of this will be that the ciliated cells which become modified into 
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non-ciliated donnal cells at the posterior pole must remain where 
they are, and do not immigrate into the interior. As the process 
of cell modihcation continues, there is a constantly increasing 
accumulation of rounded non-ciliated cells at the posterior pole. 
The result is a larva with two sharply differentiated regions, an 
anterior ciliated, and a posterior non-ciliated pole. Just such 
a larva is found in Leumolenidy in which, when newly hatched 
(Fig. 59, 2), the non-ciliated region is absent or comparatively small, 
but increases continually at the expense of the ciliated region. 
Between the two regions is an equatorial zone of cells intermediate 
in their characters, and in process of modification, and the centre of 
the larva is occupied by the archaeocytes or central cells. The larva 
swims about until it is about equally composed of ciliated gastral 
cells, and non-ciliated dermal cells (Fig. 59, 3). It then fixes by the 
anterior pole, and the ciliated cells are overgrown by the amoeboid 
dermal cells. In other respects the development is essentially 
similar to that of Clathrina. 

From the larva of Leucosolenia it is but a slight step to the well- 
known, but often misunderstood, development of Sycon, In this form 
the ovum undergoes a total and regular segmentation (Fig. 60, a, 6, c) 
and produces a blastula, in which certain cells at one spot, the future 
hinder pole, are marked out by their larger size, and darker granular 
appearance (Fig. 60, ; these are the archaeocytes, comparable to the 

posterior granular cells in Clathrina,^ The clearer cells (histocytes) 
become columnar, and acquire flagella, while the granular archaeo¬ 
cytes pass into the interior of the segmentation cavity, which they 
nearly fill, and are completely enclosed by the clearer cells; this is 
the so-called pseudogastrula stage (Fig. 59, 2). The cells at the 
hinder pole next begin to become modified in the usual way into 
rounded non-ciliated cells, comparable in every way to those of the 
inner mass of Clathrina^ and the number of non-ciliated cells, at 
first small, increases continually at the expense of the ciliated cells, 
until the two kinds contribute to the composition of the embryo in 
about equal proportions. At this stage, when the blastogenesis is 
complete, the larva is hatched and swims freely; it is m^e up of 
columnar flagellated cells at the anterior pole, rounded, non-flagel- 
lated cells at the posterior pole, and a central mass of granular 
amoebocytes (Fig. 59, 3, and Fig. 60, e). During the free swimming 
period the ciliated gastral layer becomes partially overgrown by the 

^ The accoant here given dilfen from that of Schalze, who regarded theae granular 
oelle aa the future dermal layer ; for thia reaaon Schulze distinguished the posterior 
non-ciliated cells of the amphiblaatula aa granular cella {ksTnmdUn)^ from the 
flagellated cella, though as a matter of fact the latter are in reality the more granular 
of the two, since they contain yolk, which in the dermal cella becomes work^ up 
and absorbed more quickly. The statements here made are based upon my own ob- 
aervationa upon Leueotolenia, and the figures of Barroia for Shfcan and Grantia; see 
also Dendy (1889). 




SPONGES 


77 


non-ciliated dermal-layer (Fig. 60 ,/), the cells of which may form 
precocious spicules, so that both the metamorphosis and the histo¬ 
genesis may be said to begin before fixation and during the larval 



Fio. 60. 


Development of Sycon Tophanu* (after Schulze), a, ovum; b, r, OMitn segmentin^—b as seen 
from above, c, an seen from the side ; d, blaetosphere with eight (?) poRterior granular cellR 
(archaeocyteshdietinguiahed by their darker appearance; e, free swimming larva (amphiblastula) ; 
the more oen^lly placed archaeocytee are not seen ; / later stage of the same, showing the 
ciliated cells becoming overgrown by the non-ciliated ; y, optical section of pupa in which the 
gastral cavity has appeared; note the two rounded cells, evidently porocytcs, bordering on the 
cavity; h, j, young sponge (OlyntAus) showing the newly-fonned osculum with an iris-like 
oontractUe membrane m>m which the oscular rim is formed; A in side view, j, seen from above. 


period. If we compare this larva with that of Leucosolenia, as de¬ 
scribed above, we see that it differs from it only in the fact that 
the germ layer formation is thrown back, so to speak, from the 
larvfd to the embryonic period, so that the Syean amphiblastula 


78 


SPONGES 


hatches in the condition in which the larva of Leucosolmia fixes 
itself. 

In the Demospongiae it is not possible as yet to trace so complete 
an evolutionary series as in the Calcarea, skice the gaps in our know¬ 
ledge are still very great. No larvae are known amongst Tetrac- 
tinellids or Aciculina,^ while amongst Clavulina only Cliona^ and 
amongst Dendroceratina only Aplysilla have been studied. On 
the other hand, the life-history of some of the more primitive types, 
such as Oscarella and Plakina, and of the Cornacuspongiae (Hali- 
chondrina and Keratosa) have been the subject of careful investiga¬ 
tions. As a convenient starting-point the development of Oscarella 
may be selected. 

Total and regular segmentation leads in Oscarella to the forma¬ 
tion of an egg-shaped blastula, with a relatively thin wall which is 
composed of a single layer of columnar flagellated cells. Over the 
broader anterior half of the embryo the cells are shorter, and 
consequently the wall thinner than over the narrower posterior 
half; the spacious internal cavity is stated to contain no cells. In 
this condition the larva is born into the world, and swims freely 
for from twenty-four hours to three days. The anterior half or 
two-thirds of the larva is yellowish in colour, the posterior portion 
carmine red, with a dash of brown. During the larval life the 
differentiation of the germ layers takes place. The thin-walled 
anterior half, the future gastral layer, remains unmodified. The 
thick-walled posterior half, on the other hand, destined to become 
the dermal layer of the sponge, is the seat of considerable change. 
The cells in this region become more granular and of compact 
cubical form, and a certain number of them retract their flagella, 
become amoeboid, and immigrate into the internal cavity (Fig. 
59, 4). The majority of the dermal cells, however, remain at the 
surface, and retain their flagella, a point in which OscareUa differs 
markedly from Clathrim, and which is correlated with the fact 
that in the former the dermal epithelium is ciliated throughout life. 
In consequence the internal cavity is very far from being filled up, 
and the larva, though now comparable to an amphiblastula, remains 
uniformly ciliated all over the surface. Observations upon the 
archaeocytes remain to be made. The larva thus constituted fixes 
by the anterior pole, and the gastral cells become invaginated and 
surrounded by the dermal cells. 

In Plakina the segmentation is total and regular, and the larva 
emerges as an egg-shaped blastula of a rose-red colour, rather deeper at 
the narrower posterior end. The body wall is made up of columxiar 

^ Since Cliona is known to extrude ova, which segment and develop into larvae 
outside the body, it is possible that the same mode of development explains the 
apparent absence of larvae in other Clavulina and in Tetractinellida, etc. 
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flagellated cells (Fig. 61, a). During larval life the cells become modified 
in their characters, and a certain number pass into the cavity, which is 
filled, as is commonly the case in sponge larvae, with a coagulable 



Fio. 61. 

Development of riakina monoloi>ha. a, larva; b, section of the wall of the larva; er, flagel' 
lated cells; jfl, flagella; col, oon|$uluni, representing, probably, an albuminous fluid tilling the 
larval cavity, and containing iuiiiiigrated cells of the flagellated epithelium; c, early pupal stage 
soon after fixation, the gastral cavity being formed by fission ; tf, section across the foregoing; 
e, rhagon stage, with imrcs, flagellated chambers, and osculum ; the latttr, not clearly shown 
in the drawing, is in tlie slight prom on tory in the middle of the left side ; /, part of a section 
across a full-grown sponge. The attached basal layer is the hypophare; the spongophare 
fsee below, p. 126) is folded to form incurrent and exenrrent canals, ov, ova fbetween two of 
Ihepi a stage in the segmentation is seen); M, blastulae. (After F. E. Schulze.) ' 

(albuminous?) fluid. The details of the blastogeuesis and of the 
metamorphosis remain, however, to be investigated. It is probable that 
they are, on the whole, similar to what occurs in Oscarella, In Halisarca 
also the statements are conflicting, and the details of the development are 
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not very intelligible. According to Metschnikoff, tlic blastula becomes 
tilled at an early period by “rosette cells” (archaeocytes ?). The larva 
when hatched is solid, with an inner mass enveloped in a layer of 
flagellated cells which show aditterentiationatthe hinder end of the body. 
Acconlirig to Ikirrois the development is similar to Oscarella. Not much 
can be drawn from the development of either of these important forms at 
present. 

In the Monaxonida and Keratom a highly specialised but 
essentially simple type of larva is found. The segmentation of 
the ovum is total but unequal,^ resulting in the formation of a 
compact mass of centrally placed macromei'es^ completely or partially 
surrounded by a superficial layer of micranieres (Fig. 62, A). The 
blastoineres next become differentiated in situ- to form the larva. 
The micromeres develop into the flagellated gastral cells. The 



I n;. 02. 

Two stag»*s in the prehirval <h*velo|»nii*nt ot i’holinnht .-1, sta:.;e in the segiiientation ; 

latrj- ill which thi* liistogeuesi.s ol th«* lurva i.saUvaiicin^. lu/r, n:ieruiiiere8 ; lamv, iiiaci'O- 

ir.erKs ; i'.'\ ciliated cells ; i.m, inner mass ; > 7 »ir, spicules. (Alter Maas.) 

macronieres, destined to become the dermal layer, do not re¬ 
main uniform in character, but assume the structural peculiarities 
of tissue cells of the adult, such as .scleroblasts, contractile cells, 
epidermic cells, etc., some finally remaining undifferentiated as 
amoebocytes (Fig. 02, B). In short, both blastogenesis and histo¬ 
genesis take place during the embryonic period. The larva when 
set free has an cnvelo[)ing layer of flagidlated gastral cells, distin¬ 
guished from the other cell-elements by the minuteness of their 
nuclei, and either completely enveloping the inner mass (Dictyo- 
cenUimif Spmigilla; cf. Fig. 59, 6), or leaving it exposed at the 
jK)sterior pole {Haliclmidrim^ Climi; cf. Fig. 63, A, and Fig. 59, 
5).- The larva is therefore perfectly comparable to a parenchymnla 

* It tii.'iy he douV>lc«l, however, if the unequal size of tlie hla.stomere8 is really'to 
bu explained ns due to a process of meroblastic seamen tut iou comparable to that 
induced by the presence of foo<l-yolk in many Knterozoa. It is more probable that 
it is .simply due to the fact that th^ cells de.stined to give l ise to the (smaller) gastral 
cells divide up ofteiier than those destined to form (larger) deriiml cells. 

*•* In Aji/t/si/lu the inner mass is said to protnule at the anterior pole(Delage). 



SPONGES 


8i 


or amphiblastula, in which histogenesis has early taken place. The 
larval period is very short, and fixation takes place by the anterior 
pole, the flagellated layer becomes broken up and surrounded by 
the inner mass. The pupal period, being occupied almost ex> 
clusively by changes of a morphogenetic nature, is also greatly 
abbreviated. The flagellated cells of the larva become arranged 
to form the chambers; the remainder of tlie sponge body arises 
from the larval inner mass (Fig. 63, B and C). 



A 


Fio. 63, 

Three stages in the development of Axit^dla cristanalli, Maas. /I, lungiltidinal section of the 
larva; early pupal stage soon after fixation ; C, late pupal stage shortly before the formation 
of the osculum; one half only of the section Ls reprB8eute<l. i.vi, inner mass; c.c, ciliated 
layer; dermal layer; g.l, ^tral layer; ftagellated cliambers; can.syst^ canal system. 

(After Mass.) 

(y) Metamorphods and Organogmy. —Until the present decade it was 
almost universally supposed that in all sponges except those with an 
amphiblastula larva, such as Sycon^ the ciliated layer of the larva 
became the dermal epithelium (“ ectoderm *') of the adult, while the inner 
mass furnished the collared gastral epithelium (** endodermand the 
connective tissue layer (“ mesoderm **). The only point at all disputed 
was the origin of the flattened epithelium lining the gastral cavity and 
the canals. Most authorities agreed with Schulze (1884) in deriving from 
the **endoderm” the flat epithelium of the gastral cavity and of the 
ezeurrent canals from the apopyles to the oscular margin, together with 
the flagellated chambers themselves. The epithelium covering the exterior 
and lining the incurrent canals up to the prosopyles was supposed, on the 
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other.hand, to be “ectodermal,” and formed by flattening out of the 
ciliated layer of the larva. This mode of interpreting sponge develop¬ 
ment was more the result of d prton reasoning than of actual observation. 
The morphological similarities existing between sponge and Coelenterate 
larvae on the one hand, and between adult sponges and coelenterates on 
the other, led to the assumption that the metamorphoses of the larvae of 
the two classes were also of an essentially similar type, a belief which was 
seldom shaken by observation in the case of objects which present so 
many technical and practical obstacles to microscopic study as do sponge 
larvae. The development of Sycm alone stood apart, and was always 
difficult to bring into line with the supposed course of the life-history of 
other forms ; and it is greatly to be deplored that Metschnikoff, whose 
accurate investigations first led to a true understanding of the develop¬ 
ment of SycoTiy should have failed to see that the metamorphosis of 
Clathrina was of the same type. 

In recent years the careful studies of Maas [11] and Delage [2] 
have shown the metamorphosis of the larvae of Demospongiae to be 
of quite an opposite nature to that of the Coelenterate planula, 
though easily reconcilable with the development 6f such a form as 
SycoUf since in both cases the flagellated cells give rise to the 
gastral layer, the inner, or posterior mass of typically non-fiagellate 
cells to the dermal layer of the adult. These observations have 
been extended by the author to the parenchymula larva of calcareous 
sponges, and by Maas to the blastosphere of Oscarella, There re¬ 
main at present only Halisarca and Plakina as types in which 
statements made under the influence of the older views remain 
uncontradicted and in need of reinvestigation. The more recent 
researches upon sponge embryology have made it possible, for the 
first time, to give a consistent and connected account of the de¬ 
velopment and to homologise the different types of sponge larva 
with one another. 

Development of SpongiUa ,—As an aberrant type of sponge development 
it is necessary to mention that of the freshwater sponges {Spongilla and 
Ephydatia), About no other form has so much been written; in no 
other case are the statements so contradictory or the real facts of the 
development still so obscure. The questions at issue concern the meta¬ 
morphosis, and more especially the origin of the ciliated chambers of the 
adult, on the one hand, and the fate of the flagellated cells of the larva 
on the other. Thus, according to Ganin, the flagellated cells of the larva 
become the “ ectoderm ” of the adult, and the chambers are derived from 
the inner mass ; according to Qotte, the flagellated cells of the larva are 
thrown off entirely, and the whole sponge develops from the inner mass; 
according to Delage, the fla^llated cells of the larva become the ciliated 
chambers of the adult, but in a roundabout manner, being first devoured 
in a phagocytic manner by cells of the inner mass, which then carry them 
inwards and cast them out again to form the chambers, some, however, 
being entirely digested and absorbed during the process. Maas at first 
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took the view of Ganin, but later adhered to that of Delage, except as 
regards the phagocytosis. Finally, Noldeke agrees with Delage that the 
flagellated cells are ingested in a phagocytic manner by cells of the inner 
mass, but believes them to be then completely absorbed, the whole sponge 
developing, as Qotte supposed, from the inner mass alone. 

The careful investigations, recently published, of Evans [34] show 
that, as might be expect^ from a comparative survey of sponge embryology, 
the flagellated cells of the larva do furnish the collar cells of the adult, but 
that they may be supplemented in this function by other cells of the larva 
in a very interesting manner. In the inner mass there are always to be 
found large granular cells, similar both in appearance and potentialities to 
blastomeres of the segmenting ovum or to cells of the gemmule, and marked 
out by containing a large amount of reserve food material (nutritive 
vacuoles and yolk-granules). These cells are to be regarded as archaeocytes, 
which are able to give rise to tissue cells of any kind ; while, on the one 
hand, their destiny, so long as they remain unmodified, is probably to be¬ 
come the amoebocytes of the adult, they may, on the other hand, in their 



Five Htages in the development of a fla«lUted chamber from a blastomere in the inner maes 
of SpongiUa, 1, a blastomere and two cells of the inner mass; 2, the nuclear corpuscle of the 
blastomere has broken up into a number of chromatin bodies within the nuclear membrsne; 8, 
the nucleus of the blastomere has become ftrsffm.ented; 4> the small nuclei so produced have 
arranged themselves at the periphery of the cell, the cirtoplasm of which is beginning to show 
lines of cleavage between them; 5, the original blastomere has broken up into a number of 
collar cells, arranged in a chamber; the two cells of the inner mass form part of the epithelium 
of the excurrent canal. Slightly schematised. (After Evans.) 


capacity of reproductive cells (tokocytes) contribute towards either the 
dermal or the gastral layer. In the latter case they undergo a sort of 
fragmentation, affecting first the nucleus and then the cytoplasm, and 
resulting in the formation of a number of small cells, which, even during 
the larval period, arrange themselves to form a flagellated chamber, each 
cell acquiring the characteristic collar and flagellum (Fig. 64, 1-5). The 
histological composition of the inner mass varies greatly, even in the 
larvae of one and the same species of fresh-water sponge ; in some specimens, 
chambers, in even their incipient stages of development, are almost or 
entirely absent from the inner mass ; in others they occur abundantly and 
in various stages of formation. In the latter case the flagellated layer 
of the larva is perhaps partly absorbed at the metamorphosis, and the 
chambers of the adult are derived chiefly from those of the inner mass of 
the larva. In short, the development of Spongilla may take different 
courses in different instances, Ae end result bdi^, however, the 
same in all casea The way in which the chambexih^a&d other tissue* 
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elements arise from the primitive cells of the inner mass is exactly com¬ 
parable to the origin of all the different kinds of tissue from the one kind 
of cell-element contained in the gemmule, or to the differentiation of a 
larva from the mass of uniform blastomeres derived from se^entation of 
the ovum; and it is probable that this aberrant feature in the larval 
development of SjpongiUinM is correlated with the acquisition by these 
sponges of the method of reproduction by means of gemmules^ the 
peculiarities of which have been, or are being, acquired by the larvae also 
to a greater or less extent 

The main features of sponge embryology may be summarised as 
follows:— 

L The larva is composed of three classes of cell-elements : (1) 
Columnar flagellated cells, forming the outer covering or localised 
at the anterior pole; (2) rounded, more or less amoeboid elements, 
rarely flagellated, forming the inner mass or aggregated at the 
posterior pole; and (3) the archaeocytep, usually scattered in the 
inner mass and often represented by undifferentiated blastomeres. 

{a) In the more primitive t 3 rpes the primary differentiation of 
the cells is into (1) flagellated cells (histocytes), and (3) primor¬ 
dial cells (archaeocytes), and the cells of the inner mass (2) arise 
by modification of a certain number of flagellated cells, others re¬ 
maining unmodified as the flagellated cells of the ripe larva. 

(6) In less primitive types the blastomeres of the ovum become 
differentiated in situ into flagellated cells, archaeocytes, and cells of 
the inner mass, the last named becoming still further differentiated 
histogenetically before or during the larval period. 

II. The larva fixes and undergoes a metamorphosis whereby 
the flagellated cells become placed in the interior, while the cells of 
the inner mass come to surround them completely. 

III. (1) The flagellated cells of the larva become the collar cells of 
the adult (gastral layer), acquiring a collar. No other tissue elements 
arise from them, but some (or all ?) of the ciliated chambers may 
arise secondarily from undifferentiated blastomeres or archaeocytes 
{SpongiUa ); (2) the inner mass gives rise to the dermal layer in its 
entirety, that is to say, to the whole of the flat epithelium, the poro- 
cytes, and the connective tissue layer of the adult; (3) the arebaeo- 
cytes become the wandering cells of the adult, from which the 
reproductive cells arise. 

With regard to the transformation of larval flagellated cells into 
the collar cells of the adult, it should be borne in mind that the 
collar is specially developed when the sponge is actively feeding 
and becomes completely retracted when at rest. Hence its absence 
in the larva may be explained by the fact that the nutritive 
functions are temporarily in abeyance. Taking this fact into 
account^ it is evident that the characteristic collar cells of sponges • 
are direct derivatives, only modified in unimportant details of shape, 
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and so forth, from the flagellated cells of the larva, which in their 
turn are the earliest cells to be differentiated, and in the simplest 
types compose tlie whole blastula with the exception of the archaeo- 
cytes, the primitive germinal cells. The importance of these facts 
from the point of view of phylogeny cannot be too strongly 
emphasised. 

III. The Physiology and Biology of Sponges. 

The most important organ of the sponge, from the i)oint of 
view of metabolism and nutrition, is the canal system. During life 
and activity the flagella of the collar cells keep up a constant flow 
of water through the sponge. The current enters at the pores or 
ostia, streams through the canal system into the gastral cavity, and 
passes out by the osculum. From the incoming current the sponge 
obtains its nourishment and a supply of oxyen for respiration; by 
the outgoing current the waste products of metabolism are removed 
from the body. 

Although, however, the problem might seem a simple one, there is no 
question which has been so much discussed as the nutrition of sponges. 
The confusion that prevails is very largely due to imperfect knowledge of 
the structure of the sponge body. Since sponges are a group in which 
the cells are largely lacking in co-ordination and show a corresponding 
independence of action, it is evident that here physiology must to a great 
extent wait upon histology, and that a clear understanding of the latter is 
necessary before it is possible to form coherent ideas about the former. 
Hitherto advances in the physiology of sponge nutrition have been greatly 
hampered by an indiscriminate use of the word “mesoderm.” Since 
under this term are commonly included cells so different in their nature 
as porocytes, skeletogenous cells, and amoebocytes, it is clear that not 
much is gained by ascribing this, that, or the other function to “ mesoderm 
cells.” 

With regard to the ingestion of food two opposite opinions have 
prevailed, one set of investigators attributing an ingestive function to 
the collar cells, another set regarding the “ mesoderm cells ” as the true 
phagocytes. Those who hold the former view explain the presence of 
ingested particles in mesoderm cells as having been passed on to them 
by the collar cells. The true explanation seems to lie, as Metschnikoff 
(1892) has pointed out, between these two opinions. The “mesoderm” 
shows a great difference as regards its degree of evolution in different 
types. While in some, e,g, Ascons, the parenchyma is scarcely developed, 
in others it reaches a high grade of complication. In accordance wiUi 
these differences the part played by the parenchyma in capturing food 
may, in some cases, be very slight, in others very great 

There can be no doubt whatever, from the numerous experiments 
that have been performed by various investigators, from Carter and 
Lieberkiihn in the fifties up to Vosmaer and Pekelharing at the present 




86 


SPONGES 


time, that in many sponges at least the collar cells are very active in 
capturing food. On the other hand, these cells are from their nature 
and size incapable of ingesting large bodies such as Infusoria or Diatoms. 
Food of the latter kind could only be absorbed by becoming entangled 
in the webs of tissue in the incurrent canal system, there to be absorbed 
by phagocytic wandering cells, or, it may be, by porocytes. 

Considered generally, sponges present a gradual evolution as 
regards the power of ingesting food materials, corresponding to the 
evolution of the canal system. In the simplest forms, such as 
Ascons, microscopic food particles are ingested by the collar cells 
which line the whole gastral cavity; larger bodies, such as diatoms, 
may be captured by the porocytes, which close upon them like a 
trap when they enter the intracellular lumen of the pore. The 
collar cells represent, however, the chief “eating organ” of the 
sponge, to use Carter’s expressive phrase. 

In other sponges the complications of the incurrent system 
represent a progressive elaboration and perfection of an apparatus 
for assimilation, doubtless, in the first instance, of bodies too large 
to be absorbed by the collar cells. As the water passes through 
the inhalant canals and spaces, food in it is captured by cells in 
the parenchyma, either by phagocytic amoebocytes, or, perhaps, 
also by porocytes. The function of ingestion may finally be 
usurped almost entirely by cells in the parenchyma; the collar cells 
then become concerned only with the production of the current, 
their ingestive activities being in abeyance (Metschnikoff). 

It should be added that, according to the investigations of 
Loisel [10], some sponges, at least, are able to absorb nutriment 
in solution, as well as in suspension. The cells of the epithelium 
exercise in such cases a selective power, well shown by experiments 
with stains acting intra vUam; some substances are permitted to 
pass through the epithelium into the parenchyma, while others are 
excluded. 

Digestion is in most cases intracellular, ingested bodies being 
absorbed within cell vacuoles, as in Protozoa. It is possible, how¬ 
ever, that, in the case of bodies too large to be so ingested, a kind 
of intercellular digestion takes place. Lieberkuhn, whose accuracy 
as an investigator is above suspicion, saw Infusoria surrounded by 
wandering cells in the canals of Spongilla, and there gradually 
absorbed. 

Circulation and distribtUUm of nutriment is effected partly by 
wandering cells, partly, there can be no doubt, by the mesogloea, 
which acts as an internal medium between the cells and tissues. 
Loisel compares the mesogloea from the physiological point of view 
to the interstitiid lymph of higher animals. Substances, either 
solid or fluid, are cast out into it from the cells, and then taken up 
again by Pi^er cells. On the other hand, the transport, especially 
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of solid materials, is effected largely by the wandering cells, which 
are capable of active migration. 

Excretion in sponges is still a disputed point. Bidder ascribes it to the 
porocytes. Other authors attribute this function to the choanocytes, especi¬ 
ally in those forms in which the parenchyma is most active in the capture of 
food. Loisel regards the mesogloea as performing the function of excretion 
by its own activity. Vacuoles and lacunae containing matter to be excreted 
arise in it and are emptied to the exterior by contractions of the mesogloea 
itself, aided by cell contractions. The matter must at present be considered 
very doubtful There can, however, be little doubt that the wandering 
cells play a considerable part in excretion as well as in other functions. 

Animal Functions ,—Sponges in correspondence with the absence 
of a special nervous system show a great lack of co-ordination in the 
activities and movements of their cells. Thus the flagella of the 
collar cells do not beat in unison like the cilia of the epithelia in higher 
animals, but each works independently of the others (Vosmaer and 
Pekelharing [30]). 

Sensitiveness to external conditions is often exhibited in a marked 
degree, but in such cases each cell placed superficially possesses this 
quality equally, and there is no class of cells marked out as sense 
cells by the possession of special physiological or structural characters. 
Contractility is probably a quality possessed by all sponges to a 
certain extent, and in some it is greatly developed. In all cases it 
appears to reside in the cells of the epithelial stratum of the dermal 
layer. Bidder, however, regards the power of contraction as 
largely due to elastic tension of the mesogloea, tending to bring about 
a contraction of the sponge if not opposed by the activity of the 
canal system. This, however, would hardly explain the epithelial 
sphincters often present. 

Loisel, as we have seen, considers the mesogloea not merely endowed 
with passive elasticity, but as actively contractile. This would necessitate 
a very different view of the nature of the ground substance from that 
generally held, and requires confirmation before it can be accepted. 

Statements have sometimes been made to the effect that the current of 
the canal system may be reversed and flow into, instead of out from the 
osculum. If these statements are not simply due, as is very probable, to 
erroneous observations, they might perhaps he explained, as Vosmaer and 
Pekelharing suggest, as follows. If, in a sponge with several oscula, one 
of them is pouring out a very strong current, it might act as a flue, so to 
speak, and cause the current in the other chimneys (oscula) to stop or even 
to flow inwards. The authors mentioned have also put forward a theory 
of the cause of the current through the canal system different from that 
generally adopted. According to their view the action ft the flagella alone 
is incapable of causing a definite and continuous current, since they are 
not co-ordinated. The current which can be observed flowing out of the 
osculum is brought about by the disposition of the pores and the oscular 
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tube, which act as valves respectively, the former favouring an inflow and 
hindering an outflow, the latter having a contrary action. The beats of 
the flagella cause alternating, negative, and positive pressures in the interior 
of the canal system ; the former cause water to flow in at the pores, the 
latter result in its ejection at the osculum. When the current is once well 
started it draws, like a flue, and so favours its own continuance, its action 
being comparable to the fly-wheel of a machine. Closure of the pores at 
once stops the current, without, however, causing any pressure in the 
interior, which would be dangerous to delicate tissues. The irregular beats 
of the flagella then simply cause eddies and vortices in the gastral cavity 
or chambers. 

Bionomics and Natural History ,—Sponges have a wide range of habitat 
and are found living under the most varied conditions of existence, from 
the shore-line, where they are continually subjected to most violent 
stresses and strains, down to the calm and placid environment of the 
ocean abysses. The influence of these different life conditions is seen 
especially in the body form and in the skeleton. Sponges living on mud 
or ooze show a further adaptation in the form of an anchoring root tuft 
(see above, p. 3). Fresh-water sponges require to be able to withstand 
greater vicissitudes than marine forms, whose environment, however 
boisterous, is more uniform. As an adaptation to life in fresh water we 
may mention the gemmules already described. Many siliceous sponges, 
belonging to families far apart in the system, have the power of excavat¬ 
ing calcareous rocks or shells to form tunnels which they inhabit. The 
Clionidae are the best known instances of this. It is not clear how the 
perforation is effected. The sponge may in later life grow out of its 
excavations and become simply an incrusting or massive form of the 
ordinary type. 

Animals so full of cavities as are sponges offer a shelter to many 
other creatures, some of which are always found as commensals of sponges ; 
as instances we may mention various Crustacea, e.g. Typton, Spongkola, 
and Hydrozoa, e.g. Spongicola fistularis, F.E.S, ( — Stephanoscyphus mirabilisy 
Allman), found in Esperella, and Anthozoa, e.g. Palythoa (Figs. 19, 24). 
Sponges themselves appear to be very distasteful to other animals and 
are eaten by very few. Some Nudibrauchs, however, feed on them 
and may then mimic closely the sponges upon which they feed ; as 
instances of this we may mention Jorunna Johnstoniy which feeds on 
HaUchondriay and Bostanga coccineay which lives upon red incrusting 
spongea Both these Nudibranchs resemble the sponges uiK)n which they 
respectively live, both in colour and in surface texture (see Qarstang, 
Conchdoguiy ii 3 (1892); and Joum, Mar, Biol, Ass, iii. 3, p. 220)l 

The distastefulness of sponges often leads to a symbiosis between 
them and other animals, especially crabs. SuberUes commonly grows on 
the shells of hermit crabs, and soon absorbs the shell, so that the crab 
inhabits a cavity in the sponge. Other crabs cover themselves with bits 
of sponge which they plant on their carapace, on which the sponge grows 
mid moulds itself. It is very probable that the distasteful and highly- 
smelling sponge protects the crab from the attacks of fish or cephalopoda,* 
imparting to it, as it were, its own qualities. 
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Sponges protect their bodies, and especially their apertures, against 
the attacks of intruders or enemies by fringes and palisades of spicules, 
and also by excretion of poisonous ferments from the surface of the body 
which have a strongly oxidising action (Spongilla, Loisel). It is perhaps 
to this that the smell of sponges is due. 

As competitors sponges are very dangerous enemies to animals which 
feed in a similar manner, such as Lamellibranchs, since they grow over 
their shells and starve them by forestalling their supply of food. In 
oyster culture a method of preventing this is to grow the oysters on 
frames, which are occasionally pulled up and exposed during a shower of 
rain. The fresh water kills the sponges, but the oysters close their shells 
and are unscathed. 

No adult sponge is known to be sensitive to light, but this property is 
often exhibited by the larvae in a marked degree. The larvae of Ascons 
are positively heliotropic when newly hatched, and swim at the surface. 
They then become indifferent to light for a time, which is followed by a 
third period, during which they are negatively heliotropic and swim at 
the bottom, previously to fixing themselves. The sensitiveness appears to 
reside in certain highly refringent granules in the ciliated cells, which in 
the amphiblastulae are aggregated at the inner ends. In many siliceous 
larvae there is a patch of pigment at the hinder end, which the larva 
tends to turn towards the light, with the result that the larva as a whole 
moves towards the dark. 

Individuality ,—The discussion of the morphology and physiology 
of sponges may well be terminated by attempting an answer to the 
question: What constitutes the individual in a sponge ? The 
most divergent views have been expressed on this point. 

The opinions that have been put forward with regard to the 
constitution of the sponge body by different authors depend, of 
course, largely upon the views held by them as to the affinities of 
the group (see below, p. 158). While most of the older writers 
regarded the cell as the unit of individuality in a sponge, more 
recent scientific opinion has sought to identify the sponge person 
with some form of cell aggregate—namely, either with the flagellated 
chamber, or with so much of the canal system as is centred round 
a single osculum. 

The older observers regarded the sponges as Protozoan colonies, con¬ 
sisting of an aggregate of amoebae or Infusoria (Perty, Dujaidin, Lieber- 
kuhn, Carter, and Savile»Kent), until the discovery by James-Clark (1867) 
of the collar cells, and their resemblance to Choanoflagellata, led him and 
others to regard them as a colony of Choanoflagellata. This view* was 
taken up by Savile-Kent and Carter, the latter terming the collar cell the 
** spongozoon.’’ At the present day these views and the controversies to 
which they gave rise have little more than a historical interest 

The view that the sponge person was represented by the flagellated 
chamber, held at one time by Carter, has its chief advocate in Haeckeh 
and is based upon a theoretical interpretation of the origin of the canal 
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system. We have seen that all the forms of canal system originate, in 
theory, if not in &ct, by a folding of the wall of the original OlynUiut, 
and that the flagellated chambers represent primitively diverticula of the 
body wall Haeckel interprets this folding as a process of bud-formation, 
each fold representing a distinct individual, comparable to the original 
Olywihus from which it arose. In this way an OlyjUhus becomes in 
Ascons divided up by a process of gemmation into a number of incompletely 
separated individuals, united by a common osculum, and each diverticulum 
represents a bud, capable of becoming a new individual. A Sycon is an 
Olyiithus which has undergone strobiloid gemmation, each radial tube being, 
as it were, a replica of the original Olynthus, At first (1872) Haeckel 
did not extend this theory beyond the second type of canal system, as seen 
in Sycons, and considered in the case of the third type (Leucons) that the 
canals arose simply by branching of the pores of an Olynthus with a greatly 
thickened wall Hence in Leucons the osculum alone was supposed to 
be the mark of individuality. But since it was abundantly proved that 
the chambers in the third type of canal system were strictly homologous 
with those of the second type, Haeckel later (1889) extended this theory 
to Leucons and other sponges. In all alike the flagellated chamber was 
regarded as the individual produced by budding and comparable to a 
diverticulum of an Ascon or to the whole of an Olynthm. 

In considering this view we may first take it as proved, not only that 
the flagellated chambers of the second and third types are strictly homolo¬ 
gous one with another, but also that they are perfectly comparable with a 
diverticulum of an Ascon (see above). Any interpretation, therefore, of 
the morphological nature of the one applies also to the other. That 
being so, we may limit the scope of our inquiries to a consideration of 
the question, how far the diverticula of Ascons can be considered as 
buds. It is certainly true that each such diverticulum may grow out to 
form a new individual, with its own osculum. The question is, whether 
the diverticula in all cases are to be regarded as reduced buds, developed 
from the first as such, or whether, on the contrary, an outgrowth repre¬ 
senting a simple fold of the body wall, may not have taken on the 
functions, so to speak, of a bud, i.e. of producing new individuals. The 
answer given will depend entirely on the theoretical conception adopted 
as to what constitutes budding, but it certainly seems a more natural and 
less strained interpretation of the facts to regard the diverticula simply 
as the result of a process of growth which results in the first instance in 
an extension of the body wall and an increase of the absorptive surface, 
and which may lead, in Ascons, to the formation of new individuals, but 
which in Sycons and other sponges does not^ as a rule, do so. The 
gemmation theory leads in As^ns to a very artificial conception of the 
morphology of the sponge in cases where the diverticula anastomose into 
a network, as in Claihrinidae. Such a form as datknna retictihm 
(Fig. 6X for instance, would then represent many thousands of individuals. 
It sMins more reasonable, therefore, even in Ascons, to reject the view 
that the diverticula of the body wall are to be regarded primarily as buda 
In Sycons and Leucons this reasoning applies with even greater force, and 
we are unable therefore to accept Haeckel’s theory of sponge individuality. 
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The view that the osculum is the siga of the individual, and 
that a sponge consists of as many persons as there are oscular 
openings, seems in every way the most natural conception, and it 
is certainly the conclusion to which embryology leads. Whatever 
the type of canal system, the metamorphosis of a single larva, or 
the development of a free bud or gemmule, results in the formation 
of a small sponge with a single osculum. Not until the osculum 
is formed can the sponge feed and grow, and perform its usual 
functions. The osculum represents, therefore, a physiological, as 
well as a morphological, centre, and thus presents from several points 
of view the most satisfactory criterion of sponge individuality. 

Although, however, this view is theoretically the most feasible, it, 
nevertheless, often presents practical difficulties of application in particular 
instances. We have already seen that, on the one hand, a pseudogaster 
may be formed by folding up of the body wall so as to enclose a space, 
primitively external to the sponge, into which the true oscula may open 
like excurrent canals into a true gastral cavity ; and that, on the other 
hand, a true gastral cavity may flatten out so that the excurrent canals 
may come to the surface and simulate oscula. In such cases the physio- 
logical criteria fail to enable us to recognise the individual, and life- 
history alone is a guide. Sponges offer great difficulties, in short, to any 
theory of individuality, and more resemble plants than animals in this 
respect The primitively distinct and well-deflned individuals become, 
by increase of the body surface in a vegetative manner, mere growths, 
zoa impersmaliOf in which individuality is more or less completely lost 


IV. Systematic Review of the Classes and Orders 
OF Sponges. 

Since sponges, with very few exceptions, possess a skeleton, 
composed either of minute spicules of mineral substance, or of fibres 
of organic nature, it is on the characters of this skeleton that the 
principal divisions are founded. At the outset one class stands 
apart from the rest, characterised by a skeleton in which the 
material is calcareous. Amongst the remainder another group is 
marked off with almost equal distinctness by the possession of 
six-rayed spicules of triaxon form. After the separation of these 
two classes, termed respectively Calcaroa and Hexactinellida^ there 
remains a vast assemblage of forms, in which the most divergent 
types are connected by such a complete and gradual series of inter¬ 
mediate forms, that they must be classified together as a single 
subdivision of the Porifera, equal in value to the other two. To 
this class the name Demospongiae has been given, and it comprises 

S es in which thelikeleton may be composed eithe r of si lic^ua .- 
esTof variouiS" typ^ but never tnaxon^ o r of fibres of a 
h^iiy flUbsCarRM, termed which Occurs either pure or in 
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combination with siliceous spicules or foreign bodies; or, finally, 
sponges in which a skeleton is absent altogether. By means of 
these various characters the Demospongiae are further subdivided 
into a number of smaller groups. 

CLASS 1. CALCAREA. 

The calcareous sponges are a very sharply defined group of 
the Porifera. No forms are known in the remotest degree inter¬ 
mediate between them and the other classes. As their name 
implies, their chief characteristic is the possession of a skeleton made 
up of calcareous spicules, a feature correlated with many other dis¬ 
tinctive points of organisation and structure which render a cal¬ 
careous sponge easy of recognition. 

From the point of view of evolution and morphology the 
Calcarea are of special interest, since in.all cases the starting- 
point of the growth is the primitive vase-like Olynthus, The 
characters of the adult sponge depend upon the particular manner 
in which the Olyrdhus grows; and calcareous sponges furthest 
apart in the system differ, in the Olyrdhus stage, only in the 
same trivial characters of spiculation or histology which are found 
in the adult as specific distinctions. The Calcarea thus present 
a most valuable and convincing demonstration of the theory 
of evolution. Nevertheless, the powerful attraction and stimulus 
which they offer to speculative and imaginative intellect^ has not 
been without its drawbacks, for in scarcely any other group is the 
classification and nomenclature in so confused a state; and it might 
almost be said that as many systems of the Calcarea have been 
proposed as there are writers on the group. In spite, however, of 
this diversity of opinion, no classification of the group has been 
put forward as yet which can be considered in any way final; and 
the most fundamental problems of their phylogeny and natural 
affinities are stiP in a very imsettled state. 

Canal System. —Considered from the point of view of canal 
system alone, the Calcarea are divisible into two grades. In the 
first, the Homocoda or Ascons, are found the only known examples 
of the first type of canal system (see above, p. 31). In the second, 
the Heterocoel^ corresponding to Haeckel’s two families Sycons and 
Leucons, the canal system is of the second or third type. Thus in 
the Hamoeoda^ as the name implies, the gastral layer is continuous, 
Le. the collar cells line the whole gastral cavity; in the Heteroeoda 
it is discontinuous and restrict^ to the so-called flagellated 
chambers. 

(a) The Canal System of the Hamoeoda .—In the Ascons the 
primitive Olynthus soon assumes a more complicated form, owing 
to the growth of the body wall being localised chiefly in two 
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regions; first, at the oscular rim, resulting in elongation of the 
tubular body; and secondly, at certain spots on the surface of the 
body, leading to the formation of hollow diverticula or outgrowths 
of the body wall. The diverticula grow out into tubes which 
become branched and anastomose with one another, giving rise to 
a more or less complicated network surrounding a central oscular 
tube, which represents the original Olynthus (Figs. 2-7). New 
oscula arise either by the perforation of the blind ends of diverticula 
growing out from the tubar system in a vertical direction, or by 
fission of a previously existing oscular tube. In the latter case the 
oscular tube, or, it may be, the primitive Olynthus becomes first in¬ 
folded on each side in a longitudinal direction, so that the transverse 
section would have the shape of a figure of eight; and then, by meet¬ 
ing of the folds, two distinct oscular tubes are formed. In many 
cases the fission of the Olynthus or oscular tube may stop short of 
the osculum, so as to give rise to two tubes opening together by a 
single oscular aperture, and a similar process of longitudinal fission 
may bring about a multiplication of the tubes in any part of the 
body. In the stalked species of the genus Clathrina^ such as CL 
blanca or lacunosa (Fig. 8), the tubar system arises chiefly by in¬ 
complete fission of the Olynthus and of the tubes thus formed, and 
scarcely at all by the outgrowth and anastomosis of diverticula; 
the latter method is, however, the most usual in Clathrinidae^ and 
occurs always in Leucosolenia, 

The full-grown Ascon individual or colony consists of two parts ; 
a more or less complicated tubar system {t.s), opening by one or more 
oscular tubes {oscJ, Fig. 65). The gastral cavity is continued into all 
the tubes, which are lined everywhere by collar cells, their wall 
having in all parts the same structure as the primitive Olynthus^ 
from which they arose. Between the tubes spaces are enclosed, 
which, as is obvious from their development, are really external to 
the sponge. In these spaces, which have been termed the inter- 
canal system (i.c), the water circulates before entering through the 
pores into the gastral cavity. 

Two distinct varieties of canal system can be recognised in Ascons 
which are the result of slight modifications in the mode of growth, and 
correspond to considerable differences in the external form. In the first 
variety, characteristic of the family Clathrinidtu (Fig. 65, A), the tubar 
system is greatly developed, and the oscular tubes are comparatively 
insignificant, acting as mere vents for the ramified network of tubes of 
which the body is composed. In the second variety, characteristic of the 
family Leueosokniidae^ the oscular tubes are large and conspicuous, and 
quite overshadow the tubar system (Fig. 65, B). The latter appears 
either as a series of diverticula from the erect oscular tubes, or as a 
system of narrow tubes uniting them basally like a stolon, and in both 
oases branching and giving rise to new oscular tubea In the ClaJthrina 
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type the sponge has more the form of a growth, spreading or compact, 
without distinct individuala In the Leucosolenia type the sponge appears 
as a collection of distinct Olynthus individuals, each throwing out diver* 
ticula on every side, from which daughter individuals arise by a process 
of budding. In Glathriiia the intercanal system is greatly developed ; in 
Leucosolenia the term can scarcely with justice be applied to the inter¬ 
spaces between the diverticula and oscular tubes. 

In the family Clathrinidde the canal system, though always reducible 
to the type above described, may undergo certain secondary modifications 
which may be considered under two heads, according as they affect the 
gastral cavity or the intercanal system. As an instance of the former 
kind may be mentioned the frequent widening of the cavity of the 



Pio. 65. 

Types of canal system in Ascons. The thick black line represents the gastral l^er, the 
<lottra line the dermal layer; the pores are not represented. A, Clathrina type; n, Leuoo* 
aolenia type, ow.f, oscalar tube; (.s, tubar system; i.c, intercanal system. 

central oscular tube, until it assumes the appearance of a central cloaca 
or basin, into which the Ascon tubes empty themselves. This modifica¬ 
tion has reached its limit in the species Clathrina tripodifera, Carter (type 
of Bidder’s genus Dendya\ os described by Dendy (1891), in which the 
tubar system takes on a radiate arrangement round the very large central 
cloaca. In the genus Ascandra, on the other hand, the gastral cavity is 
divided up by folds of the gastral layer, which owe their origin to the 
great development of the spicule rays which project from the wall into 
the gastral cavity. The diverticula thus formed are not, however, in any 
way comparable to those seen in the oscular tube of LeucoBolenia^ since in 
Amandra the folding does not affect the external surface of the body woU, 
but only the gastral layer. 

Modifications of the intercanal system in the simple Clathrina type 
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take place chiefly in one of two ways. First, in compact fonns tlie whole 
sponge may be enveloped in a sort of outer covering or skin, termed a 
pHvdoderm, formed by outgrowths from the Ascon tubes situated most 
peripherally; as a consequence the primitively wide and irregular en¬ 
trances between the outermost tubes into the intercanal system become 
reduced to small orifices termed pmidopores. Secondly, the intercanal 
system may become greatly enlarged towards the centre of the sponge, 
forming a false gastral cavity or pseudogaster. In consequence of these 
modifications of the intercanal system the sponge may secondarily 
assume the form of an Olynthus, well seen in the species Clathrina 



Canal syRt«m of Cl^Uhrina wntricom, Crtr., seen in vertical section, pseudoderin; 
pseudogaster; o«c, oscola; i.c, intercanal system ; pp, pseudoporea (r.c. on the right, should iKi 
i.e.). Schematised after Dcndy. 


ventncasa^ Carter (Fig. 66). Here, however, the apparent pores are really 
pseudopores (pp) leading into the intercanal system (i.c), and the apparent 
gastral cavity is a pseudogaster (Ps,€F)f opening by a pseudosculum. The 
true oscula (osc) open into the pseudogaster, and the wall of the vosiforni 
sponge is made up of the coiled Ascon tubes. A pseudoderin (p$d) is 
formed towards the cavity of the pseudogaster as well as towax^s the 
exterior of the body wall. The two species Clathrina vintricosa and 
tripodifera offer striking examples of homoplasy, since a very similar form 
and structure is arrived at in perfectly different ways, and the large 
central cloacae, with their excurrent orifices, are not in the least homo¬ 
logous in the two forms. 
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The modifications of the canal system in the Leumoleniidae are such 
as are the direct result of the modifications of the external form which 
have already been described. It has been shown that the sponge 
may take on a bushy, arborescent, or creeping form (Figs. 3, 4, and 
5). Since the canal system follows the external form in its arrange¬ 
ment, and is therefore easily understood by simple inspection of the 
sponge colony, it need not be further considered here. 

(h) The Canal System of the Heterocoela, —In the calcareous sponges 
characterised by a discontinuous distribution of the gastral layer 
and its restriction to the flagellated chambers, the canal system 
may be of the second or third type, i.e. without or with a 
system of excurrent canals interpolated between the chambers and 
the gastral cavity (see above, p. 32). The sub-order Heterocoela 
comprises all the forms which were classified by Haeckel under 
the two families Sycons and Leucons, the former having a 
canal system of the second, the latter of the third type. The 
grouping of the genera of Heterocoela by characters of the canal 
system hardly corresponds with their natural affinities, but it 
is convenient to consider the canal system under its two grades, 
which wo may term the syconoid and leuconoid types respectively. 
The best examples of the former are seen in the genus Syem^ and 
of the latter in the genus Leucandra, 

The simplest syconoid type arises from the Olynthus by the 
formation of hollow diverticula of the gastral cavity, just as in 
Ij€ucosolenia, The transitory homocoelous condition represented by 
the young sponge at this stage is, however, soon passed over. 
Ingrowths of the dermal layer into the gastral cavity take place 
between the diverticula (Maas, 1898), and as a result of this invasion, 
comparable to the similar ingrowths which in Ascons form the endo- 
gastral networks frequently present (see above, p. 48), the gastral 
layer becomes broken up and discontinuous, and confined to the 
diverticula or radial tubes, while the general gastral cavity becomes 
lined by a flat epithelium derived from the ingrowing dermal layer. 
The sponge has now reached the heterocoelous grade of structure, 
but even in the adult the upper portion of the oscular tube is often 
found lined by a continuous layer of collar cells which extend from 
the ui)permost ciliated chamber to the commencement of the oscular 
rim, and represent a remnant of the primitively continuous gastral 
layer of the Olynthus. The ciliated chambers have received in 
Sycons the special name of radial tuheSy and they differ further from 
the diverticula of Leucosolenia in that they remain relatively short, 
soon attaining their limit of growth, while those of Leucosolenia^ as 
we have seen, continue their growth indefinitely and ultimately 
give rise to new oscula. Between the radial tubes spaces are 
enclosed on the exterior of the sponge which are perfectly com^ 
parable in every way to the intercanal system of Ascons, but 
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which are now better distinguished as the incurrent or inhalant 
system. 

The farther development of the syconoid type takes place chiefly 
by a narrowing of the 
primitively wide incurrent 
spaces between the radial 
tubes, which become closed 
in to form definite incurrent 
canals. In the simplest 
case (Fig. 67) a dermal 
membrane is formed by 
outgrowths from the ex¬ 
tremities of the radial 
tubes, in exactly the same 
way as in the formation 
of a pseudoderm in Ascons, 

1 .1 ■ . .1 cxLcnitti suriuui; it» w mr ifiv, vno inwMiiai Kiinacn w 

anu tlie entrance to tne the right. incurrent canal ; pr.p, prosopyle ; r.f, 

inmrrftnt sniLrA i« thus radial tube (flagollaterl cl»auiber) ; apopyle; ost, 
incurrenii space is Lnus . g ^;^ gastrai cavity. 

narrowed to a circular 

aperture, the dermal pore or ostium (ost), comparable to a pseudo¬ 
pore of Clathrina ventricosa. The incurrent space becomes further 
reduced by coalescence taking place between adjacent radial 
tubes where they come into contact, thus interposing partitions, as 
it were, which divide up the continuous incurrent space. Finally, 
in many forms the dermal layer at the distal extremities of the 
radial tubes becomes thickened to form a cortex, through which the 
narrow incurrent canals pass to reach the radial tubes (Figs. 68, 
69). These changes, and especially the formation of a cortex, have 
the effect of completely masking the folded and lobed appearance 
of the body wall, which results from the outgrowth of the radial 
tubes, and the outer surface of the body presents a smooth, porous 
surface, so that the form and appearance of the Olyuthus may be 
perfectly retained (Figs. 9, 10). 

In addition to these changes in the incurrent system, various 
modifications may take place in the radial tubes, or in their relations 
to the gastrai cavity. In the first place, the radial tubes may become 
very much branched and secondarily complicated. A more im¬ 
portant change, however, from the morphological point of view, is 
the formation of an excurrent duct connecting the radial tube with 
the gastrai cavity—^that is to say, the flagellated chamber is, as it 
were, carried outwards, and does not open into the gastrai cavity 
directly, but communicates with it by means of a short duct lined 
by flattened epithelium. At the same time the excurrent aperture, 
or apopyle, of the chambers may become greatly contracted, i^pear- 
ing as a perforation in a diaphragm separating the chamW from 
its excurrent duct (cf. Fig. 67). 



Section of the bcnly wall of Sycon grlntinosum. The 
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lUteropegma nodu»fiordii, Pol., part of a transverse section. The external surface Is upper¬ 
most ; the (^stral surface towards the lower side; the spicules are represented by straight 
continuous lines; the Hat epithelium by dotted lines ; the collar cells by numerous small circles 
rendering the branching radial tubes dark. (After Pol^aeff, ChalUnger Reports.) x60. 

The leuconoid type of canal system nas probably been evolved 
from the syconoid type in more ways than one. There are at least 
two modes of evolution which can be indicated with tolerable 


Uf aryentso, Pol., port of a transverse section. The concentric circles indicate tcansvene 
sections of spicules, lying within the cortex. For other points see description of Isst figura. 
(After Poldjaeir, Chauenger Reports.) x 100. 
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certainty. First, in some species of the genus LeuciUa we find 
elongated chambers opening several together into short excurrent 
canals formed by folding or evagination of the whole wall of the 
gastral cavity (Fig. 70; cf. Fig. 44, A). Secondly, in other cases the 
excurrent system owes its origin to the further complication of ex¬ 
current chamber ducts such as have been described above in the 
syconoid type. Thus in Leucandra aspera (Fig. 71) a section of 
the wall of an oscular tube shows the flagellated chambers close to 
the margin of the osculum opening either directly or by means of 
an excurrent duct into the gastral cavity. Further down two 
or more chambers open by a common duct, which may now be 
termed an excurrent canal. This condition may be due either 



Fxo. 70. 

LeueUla eonnmivat Pol., part of a transyerse aaction. X, excurrent canals; for other points 
see description of Fig. 68. (After Pol^ijaefT, Challenger Reports.) x50. 

to the confluence of excurrent ducts primitively distinct^ or to the 
multiplication of the chambers by division. The further removed 
any spot is from the oscular margin, the more the excurrent 
system becomes complicated, until a canal system of a typical 
leuconoid hind is pr^uced. The excurrent canals may branch 
frequently, and the incurrent system is correspondingly com¬ 
plicated. The chambers, though varying greatly in sise and 
shape, are for the most part small and rounded in form, and 
open directly into the wide excurrent canals. The canal system 
when fully developed is thus seen to be of the eurypylous third 
type. Aphodal and diplodal canal systems are not known amongst 
Cidcarea. A leuconoid type, such as is seen in Leiicandra o^iera, 
is the highest development of the canal system in this group. 
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In the above account of the canal system of the HeUrocoela, a 
Lfuentoleniorlike form, consisting of an Olyn^uB surrounded by numerous 
radial diverticula, has been taken as the starting-point, and this pro¬ 
ceeding is the more justified, since the 

( majority of Heterocoeloy and especially 
the genera Sycon and Leucandra, and 
their allies resemble the LeucosoUni- 
id(ie in just those characters of skeleton, 
histology, and embryology in which the 
k latter differ from Clathrinidtu, There 

may be, however, amongst the Heiero- 
^ eoela forms which are to be referred 

lt)ack to a Clathrinid ancestor which 
^ has undergone modifications of the canal 

system more or less parallel to those 
which have been followed out above, 
though the Heterocoela have not 
yet been studied from this point of 
^ view it is highly probable that this is 

the case. The genus Ascandra among 
Clathrinidae, with its folded gastral 
*9^' layer represents a type of structure 

which might easily serve as the starting- 
O.C. point for the evolution of a hetero- 

canal system. The curious 
genus Heteropegma of PoMjaeff (1883), 
instance, which in its outer form 
closely resembles a typical Clathriva^ 
composed of a network of tubes, seems 
S ^ ^ modified from a Clathrinid 

! ancestor. 


ays. 
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Skeleton, —In the class Calcarea 

v.rtic.1 action Of th. ccuinn. of skeleton is Composed of spicules 
Ieif<!aiuiraaspera,8Cheinatiiied ; the thick of Carbonate of lime in the form of 
black lines represent the gastral layer, , .. mi. i i j. i i s. 
the dotted lines the dermal layer. CalClt6. 1 116 Skeletal elements are 

typicaUy quite separate one from 
i».c, incommt CM,!; «.e, «- another, but if united into a con- 
sections. tinuous framework, as is known to 


occur in at least one instance (Petro- 
strmui), the union is brought about by fusion taking place between 
the spicules themselves, and not by means of spongin or any other 
form of special cementing substance. No distinction can be drawn 
in this group between megascleres (skeletal spicules) and micro- 
scleres (flesh spicules). 

The calcareous spicules have a crystalline structure, and each 
spicule, whatever its form, behaves optically as a single crystal 
individual Each spicule ray has an organic axial thr^, and is 
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enveloped in an organic sheath, easily seen when the spicule is dis¬ 
solved by acid. The mineral substance composing the spicule is 
almost pure calcite, with traces of sodium, magnesium, and sulphates 
(Ebner). 

Forms of Calcareous Spicules .—^Three types of spicule occur in 
calcareous sponges, the entire skeleton being composed of one or 
more of these types in varying combinations, namely: (a) monaxon 
(“acerate” or “oxeote”) spicules, of the form of a simple rod or 
needle; (b) triactinal or triradiate spicules, each with three arms 
radiating from a centre; and (c) tetractinal or quadriradiate, con> 
sisting each of four rays. Of these three types of spicule, the 
second and third must be classed together, both being often con¬ 
sidered as belonging to the tetraxon type; the triradiates, however, 
represent the more primitive form, to which, in the case of the 
quadriradiates, an additional ray has been tacked on. Each quadri¬ 
radiate consists of a basal system of three rays, similar in all 
respects to a triradiate system, and of a fourth, apical ” or “gastral” 
ray. Hence the term triradiate system may be employed to denote 
either a triradiate spicule or the three basal rays of a quadriradiate. 
In considering, therefore, the modifications and variations of the 
calcareous spicules, the most natural course will be to discuss first 
the monaxons, then the triradiate systems, and lastly, the gastral 
rays of the quadriradiates. 

(a) The monaxon spicules vary very greatly in size. They are 
sometimes straight (t'ig. 72, r), but more often curved (Fig. 72, ^ g, 5 ), 
and always have the two ends unlike. 

(b) The triradiate systems exhibit'modifications of considerable 
morphological and systematic importance. At the outset it should 
be remarked that they always lie embedded in the gelatinous tissue 
of the body wall, with the rays directed more or less tangentially; 
and since the sponge surfaces are usually curved, the three rays 
very rarely lie exactly in the same plane, and are often very strongly 
bent out of it (Fig. 72, a). Hence, in the following discussion 
of the numerous modifications of form exhibited by the triradiate 
systems, each will be considered as seen projected in a plane tan¬ 
gential to the body wall at the centre of the spicule. 

The triradiate systems may be quite asymmetrical in form 
(Fig. 72, p), but they more usually conform to some definite and 
symmetrical pattern. In the latter case they may be either 
**regular’’ or **sagittal.” Kegular systems consist of three similar 
rays of equal size meeting at equal angles, so that the spicule is 
83 rmmetrical about three planes (Fig. 72, 6). In sagittal systems, 
on the other hand, there is but one plane of symmetry, and the 
spicule exhibits a bilaterally symmetrical form, with two paired 
kUmU rays and an unpaired posterior ray (basal ray, Haeckel). The 
sagittal form may, however, be product in one of two ways, which 
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should be carefully distinguished. In the first place, the angles 
between the rays may be equal, and the bilateral form is the result 
of hypertrophy or diminution of one ray (Fig. 72, c, d). In the 
second place, the angles may vary as well as the rays, there being 
two lateral paired angles and an anterior unpaired one (Fig. 72, 
y, Z, n, o). In a natural classification of the triradiate systems, the 
equiangular sagittal spicules should be classed with the regular 
forms, and separated from those which are sagittal through varia¬ 
tions in the angles. For the latter type Bidder has proposed the 



Fio. 72. 

Spicules of cslcsreous sponges. To the left fa-{) spicules of Clathrinidae : to the rigiit Q-s) 
of LmcoioUnUdae and Heteroeoda. a and 5, triradiates of Clathrina cerebrum, in profile view 
and surface view respectively; o, sagittal triradiate of Cl. blanca ; d, of Cl. lacunosa; e, /, qnadri- 
rsdiates of Cl. eerebrwm, wiwi spiny gastral rays; g, *' tripod ” of Cl. cerebrum; h, diactine of 
Cl, Uumntm ; i, monaxon of AKonara/cdccUa ; j, trir^iate, and h, quadriradiate, of Ltuoaulenia 
variaMHt; 1 , triradiate of Lelopia auttralU; m, quadriradiate of lAucosolmia comjdicata; n, tri¬ 
radiate of LeueeUavandmra ; o, ** tuning fork ” of Ulapia nTisfro/is/jp, asymmetrical triradiate 
ci LtucbtUenia vaiiabiliM; q, monaxon of the same; r and $, two kinds of monaxons, one small 
and straight, one large and curved, flrom Leueoiblenia comjdkata. 

useful tern atate spicules, since their rays can usually be distinguished 
by their form as well as by their inclination; the posterior ray being 
as a rule straight, the lateral rays more or less curved, like wings 
on each side. 

(e) Any of the numerous form varieties of the triradiate system, 
symmetrical or asymmetrical, regular or sagittal, may become pro¬ 
vided with an adventitious gastral ray, and so become a quadri- 
radiate sfncule. The gastral rays vary greatly in length, and may, 
be smooth or beset with small spines (Fig. 72, e,f,k,m). They* 
may further be straight or curved, the former being usually associ- 
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ated with equiangular triradiate systems, the latter with systems 
which have the angles sagittal, and the curvature is then in the 
plane of symmetry, being so directed that the tip of the gastral ray 
points in the opposite direction to the posterior ray. All the 
numerous variations of the gastral rays are quite independent of 
the variations in the rays of the basal triradiate system. 

Arrangement of the Spicules in the Skeleton, —^The simplest types 
of skeleton are seen in the Olynthus stage (Figs. 1 and 60, A), which 
furnishes a natural and convenient starting-point for tracing the 
evolution of the skeleton. However complicated the structure of 
the adult sponges, in the Olynthus stage they differ from one 
another, as has been said, by characters merely of specific value, 
the arrangement and relations of the spicules l^ing of a uniform 
character. 

Ill the Olynthus the spicules form a single layer supporting and 
protecting the thin body wall. The monaxons are placed more or 
less tangentially with one end embedded in the tissues, and the 
other extremity projecting freely on the exterior of the sponge; a 
situation which explains the difference between the two ends of 
these spicules (Fig. 60, h). The triradiates, on the other hand, are 
completely eml^dded in the body wall, and are so placed that one ray 
of each triradiate points downwards, away from the osculum, while 
the other two slant obliquely upwards and outwards to the right 
and left In this way an unpaired posterior ray is marked off from 
two paired lateral rays; but the distinction between them may be 
one which is only recognisable when the spicules are in situ in the 
sponge wall (regular triradiates, Figs. 1 and 42), or the spicule may, 
on the other hand, exhibit a structural differentiation of the rays, 
correlated with their position and function in the sponge (sagittal 
triradiates, Fig. 60, h). What has been said of the triradiates 
applies also to the three basal rays of the quadriradiates, which 
have an exactly similar orientation; the fourth ray, on the other 
hand, projects freely into the gastral cavity on the inner side of 
the body wall, never towards the exterior. If the gastral rays are 
curved, they always point up towards the osculum. 

From the skeleton of the Olynthus may be derived that of any 
adult calcareous sponge by a series of adaptations to the structural 
requirements of the various parts added during growth. 

In the Homocoela the skeleton retains in iJl parts of the body 
the primitive arrangement in a single layer, seen in the Olynthus^ 
but exhibits marked differences in the two families of the sub-order. 

The family Cla/thrinidae is characterised by equiangular triradiate 
systems, a type of spicule doubtless correlated with the reticular form and 
growth of the sponges themselves (cf. p. 7 supra). Monaxons may be 
present and some of the triradiates may develop gastral rays, but in 
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the more primitive forms the whole skeleton is made up of tri- 
radiatea alone. The primitive orientation of the triradiates, found in 
the Olynthw, is only retained, as a rule, in the region of the oscular 
tube, while in the tubar system generally the arrangement becomes 
confused so tliat posterior and lateral rays cannot be distinguished by 
their position. In some forms, however, characterised by a more erect 
growth, such as CL hlanca and lacunosa (Fig. 8), the posterior ray is in¬ 
dicated by its greater size, so that the triradiates become sagittal, while 
remaining equiangular (Fig. 72, e). In lacunosa this feature is carried to 
an extreme in the stalk, where a distinct peduncular skeleton is developed, 
composed partly of sagittal triradiates (Fig. 72, d), partly of diactinal 
monaxons, i,e, reduced triradiates (Fig. 72, h). Some species of Clatimna 
have triradiates of special form on the exterior of the body, as an instance 
of which may be mentioned the “ tripods ” of CL cerebrum (Fig. 7 2, </). 
In forms with a distinct pseudoderm this membrane may be supported 
by a layer of special spicules forming a dermal crust. 

In the Leucoeoleniidae the triradiate systems, if symmetrical, are 
always sagittal—that is to say, alate forms, with paired angles and 
well-marked posterior and lateral rays (Fig. 72, j. A;, 1). Monaxons are 
always present in the species of this family (Fig. 72, g,«). The 
sagittal fbrm of the triradiates is correlated with the more erect growth 
of these forms, and the spicules in question have a constant orientation 
with regard to the canal system—that is to say, they tend to be so placed 
that the unpaired posterior ray points in the opposite direction to the 
course of the water-current. Hence in the oscular tubes the posterior rays 
point, as in the Olynthue^ towards the base, while in the diverticula the 
triradiates become arranged with their posterior rays pointing towards 
the blind apex (Fig. 73X and the same arrangement is repeated in the 
secondary and tertiary diverticula formed by branching, so long as they do 
not exce^ a certain length. In this way the diverticula, though arising 
Si simple folds of the wall of the oscular tube or Olynthus^ acquire a 

special skeleton of their own, distinct 
from that, of the oscular tu^ in its 
arrangement, though not as regards 
the spicules composing it. When the 
diverticula have grown to a certain 
length, however, they give rise to new” 
oscula which are formed by perforation 
of their blind extremities. Where a 
new osculum is about to be formed, 
the arrangement of the triradiates 
which are formed at the growing ex¬ 
tremity of the diverticulum first be¬ 
comes confused, and then reversed, 
so that in the terminal portion the 
unpaired rays point away from the 
apex instead of towards it In ^is 
way the arrangement proper to an 
oscular tube is acquired precociously, at a time when the physiological 
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eonditiona that prevail are the exact opposite of those with which the 
arrangement of the spicules is usually correlated. 

The arrangement of the spicules in the diverticula and oscular 
tubes of Lev^solenia (Fig. 73) foreshadows, and gives a clue to, 
the plan of the skeleton in the Ueterocoda, Taking the simpler 
syconoid type as the starting-point for this group, we find that at 
their first origin the ciliated chambers or radial tubes arise as 
simple diverticula of the gastral cavity, differing only from those 
of Leucosolenia in that they are more numerous and retain a more 
simple uiibranched condition, not giving rise to new oscula. Each 
radial tube has its wall supported by spicules forming a special 
tvbar skeleton, distinct as a rule from the more internal gastral 
skeleton both in arrangement and composition, and representing, there¬ 
fore, in the latter respect a slight advance in specialisation upon the 
state of things seen in Leucosolenia, In the more primitive types the 
organisation scarcely advances beyond this point, except f^or the 
formation round the osculum of a special peristomud skeleton, con¬ 
sisting for the most part of elongated monaxons, and of a peduncular 
skeleton in the stalk. But with fusion between the distal ends 
of the radial tubes, to form a cortex^ a special skeleton becomes 
difierentiated in this region also, so that the skeleton of the body 
wall in a typical Sycon consists of three layers: (1) most externally 
a cortical skeleton, which is said to be ** smooth,” when it consists 
of triradiates only, and hispid,” when it contains monaxons, with 
or without triradiates; (2) a tubar skeleton composed of triradiate 
systems, some of which may develop a gastral ray; (3) most 
internally a gastral skeleton, composed mainly of quadriradiates 
(Figs. 68, 69). 

The tubar skeleton shows two distinct types of organisation 
known respectively as the ariicvlated and the nanrarliculated. In the 
former, which is the more primitive, and directly comparable to the 
state of things in Leucosolenia, each radial tube has its wall supported 
by sagittal triradiate systems arranged in several series, each with 
the unpaired posterior rays pointing towards the distal extremity of 
the chamber (cf. Figs. 74, a, and 73). In the non-articulated type 
of tubar skeleton there is but a single series of these triradiates, 
each one situated near the base of the radial tube and sending a 
greatly elongated posterior ray towards the apex, which meets, and 
runs parallel to, a similarly hypertrophied laterd ray (Pol^jaeiF) of 
a triradiate of the cortical skeleton (Fig. 74, h). By interlocking of 
these two systems of modified spicule raya the chamber acquires a 
firm and rigid skeleton. 

With the evolution of a leuconoid type of canal system the 
pronounced radial structure seen in the Sycons becomes lost, and 
the elongated radial tubes become very much shortened and con- 
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verted into the smaller spherical ciliated chambers of the third type 
of canal system. As a consequence the regular tubar skeleton 
disappears and is replaced by an irregular parenchymal skeleton 
supporting the chami^rs and canal system and making up the 
greater part of the thick body wall, between the cortical and 
gastral layers of the skeleton. 

One family of Heteroeoela deserves special mention, however, as 
regards its skeleton, namely the Pharetronidae. The anatomical structure 
of this family is very imperfectly known, since most of its members are 
fossil, and therefore cannot be studied at all with respect to their canal 
system, while in many cases even the hard parts are very unsatisfactorily 
preserved and the finer details impossible to make out. Two living 



Fio. 74. 

tubar akeleton in Sycona. a, articulate type; b, inarticulate type. (After 


species are known— Ldapia australie^ Oray, from the coast of Victoria ; 
and the remarkable Petroetroma khulzei^ Dod., from Japan. From a 
comparison of the living and extinct forms, the Pharetr(midae would 
appear to be Heteroeoela^ with a leuconoid type of canal system and 
with a skeleton of more or less pronounced fibrous structure. The fibres 
in typical cases are composed wholly or in part of interlocking spicules 
of a peculiar type, in shape like a tuning-fork (Fig. 72, o). The 
q[»icules in question are simply entangled to produce the fibres, and are 
not held together by any special cementing substance. In Lelapia and 
Pit/iroetroma the fibres are made up entirely of tuning-forks, but in many 
fossil forms, as SatreeUmeUa, they contain an axis or core of much larger 
and stouter triradiates, and other spicules may enter into their composi¬ 
tion. In Leilapia and the fossil forms the fibres ramify through the 
whole parenchyma, starting, from the gastral skeleton and taking an 
irregular course towards the cortex, so as to produce an anastomosing net- 
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work. In Petrostromaf liowevcr, the fibres are entirely confined to a 
relatively thin outer “covering layer,” which perhaps represents more 
than the cortex ; and the greater portion of the sponge body is occupied 
by a continuous skeleton framework made up of quadriradiates fused 
together by secondary deposits of calcite ; a type of skeleton not known 
to occur in any other calcareous sponge, recent or fossil. 

Phytogeny of Ccdcareons Spicules, —The triradiates with sagittal angles 
occurring in Leucosolenia and the greater number of Heterocoela are 
spicules morphologically of a different type from the equiangular 
triradiates of Clathrinidae and a few Heterocoela, In the Clathrinidne 
the triradiates are the first spicules to appear, and each is shown by 
the development to be formed by fusion of three monaxons, a fourtli 
being added in the case of quadriradiates. When independent monaxons 
occur in this family, they would appear to owe their origin entirely to 
modification of triradiates (secondary monaxons). In Leucosoleniidae, on 
the other hand, the first spicules to appear are true (primary) monaxons, 
each secreted by a single cell. The triradiates in this family appear 
later than the monaxons, and the posterior ray develops at first much 
more rapidly than the lateral rays. 

In the Heterocoela the origin of the spicules is less known, but 
has been studied in Sycon by Maos. The greater number of 
Heterocoela resemble the Leucosoleniidae more closely than the Clathrinidae 
in both skeleton and canal system. 

Histology, —The description given above of the structure of the 
Olynthus may be taken as representing the main traits in the histology 
of the Calcarea generally. It is not necessary to do more here than to 
describe the development of the three-rayed and four-rayed spicules of 
Clathrinidae, interesting as instances of compound spicular systems derived 
from more than one mother cell. Each ray has its own scleroblast, or 
actinoblast, as it may be termed. 

To form a triradiate spicule three cells migrate into the parenciiyma 
from the dermal epithelium and become arranged in a trefoil-like figure 
(Fig. 75, 1). The nucleus of each cell then divides into two, in such a 
way that one nucleus is placed more deeply and one more superficially. 
Between each pair of sister nuclei a minute spicule ray appears, the three 
rays being at first distinct from each other, but soon becoming united at 
the centre of the system (Fig. 75, 2). As the rays grow in length the 
protoplasm of each actinoblast becomes aggregated round each of the two 
contained nuclei, and finally more or less completely segmented off to form 
two formative cdU, of which the one placed more internally travels to the 
tip of the spicule ray, while the other remains at the base (Fig. 42, />, 
h,f,c). The apical formative cell (ap./.c) sooner or later disappears, return- 
ing, apparently, to the epithelium. The basal formative cell (6./.c) remains 
at the base of the ray (Figs. 42, B, and 75, 3) until this portion is secreted 
to its full thickness. It then migrates slowly outwards along the ray, and 
in the fully formed spicule is found adherent to the extreme tip (Fig. 
42, By spx). In the formation of a quadriradiate spicule in the 
Clathrinidaey the three basal rays are formed exactly as has been described 
for the triradiates. Each quadriradiate spicule represents, in fact, a 


10 




io8 


SPONGES 


triradiate to whicli uu adventitious gantrcU ray has been addeiL It is 
remarkable that this fourth ray is derived from a distinct source from the 
other three, its scleroblast, or (fastral actinohUiat^ as it may be termed, being 
derived from a porocyte at a comparatively late period in the growth of 
the basal system. After the three basal rays have reached a certain 
length, the nucleus of a neighbouring porocyte divides, and a portion of 
the cell, with one of the nuclei, becomes constricted off, grows out towards 
the minute triiadiate, takes up a position over it—t.e. internal to it—and 
secretes a minute spicule ray which becomes fused and tacked on to the 
basal triradiate system (Fig. 75, 4). The secretion of the gastral ray 
may commence before its actinoblast is completely separated from the 
|)orocyte. In the further develotmicnt the nucleus of the gastral actino- 
blast may remain single or divide into two or four nuclei, according to 
the size of the ray to be formed. In iill cases, however, the protoplasm 
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Development of efjiiittiipuIartriiTnllatesoiMl nua«lrim»lint»*H in ClnfhHna. 1, trio of nntino- 
blasts; HONtet, with yuiina HpuMiln; 3, lain mUko in the growth of the ttpicuh*, urtur Iumm of 
the apical torinntive celin ; 4, <liviMiuii of .h |Nii'(N-yt« to form a gastral uctinohlaNt; .5, Into stag*; 
ill the s«>>crHtioii of the gastnil ray. trinuUiite systom ; bj.c, basal formative cell; g.tui, 

gastral aciinobiaftt; gastral ray ; /s dermal aiiertiiro of pore. 


of the actinoblast remains undivided, and covers at first the whole ray 
(Fig. 75, 6), but later only its tip, in the form of a granular plas- 
niodium, very different in appearance from the formative cells of the 
basal system which, at first granular, soon become very clear and free 
from conspicuous granulations. 

It is evident from tlieir development that the many-rayed spicules of 
ClafhrinuhUf niul probably of all Calcareo, are compound spicules, repre¬ 
senting a spicular system derived from fusion of primitively distinct 
monaxons. Even the apimrcntly monaxon spicules, always of large size 
in this family, seem to be derived from a modification of the compound 
trinuliate type. In the Leiicoiolen^idaef on the other hand, the monoxon 
spicules are always true primary mouaxons, derived each from a singlet 
mother-cell, and are the first spicules to arise in the development 'Hie 
iriradiate systems of are formed just as in CtaihrirMf from 
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three mother-cells, each of which divides into a basal and an apical 
formative cell, but the unpaired ray at first greatly outstrips the other 
two in its growth. 

CUmification, —The earliest general classification of the Calcarea was 
that of Haeckel [7]. who divided them by characters of the canal 
system into Ascons, Sycons, and Leucons. Each of these groups was 
further classified into seven genera, each genus being characterised by a 
skeleton made up of one of the seven possible combinations of the three 
types of spicules. 

The threefold division proposed by Haeckel has generally been super¬ 
seded by the binary classification of Polejaetf [18], who divided the entire 
group into Homocoela, with the gastral layer continuous, and Heierocoela^ 
with the gastral layer discontinuous. The former group comprises 
Haeckel’s Ascons, the latter his two remaining groups. 

There can be little doubt that Polejaeti’s two groups do not represent a 
natural classification of the group, but only two tjrades of structure. His 
classification is, in short, a horizontal cleavage of the phylogenetic tree, 
not a vertical one. It is highly probable that the Heterocoeku are a 
polyphyletic group, derived from more than one stock of 'HomO’ 
coela. 

Amongst the llomocoela we have two very sharply defined families ; 
on the one hand, the Clathrinidae with reticulate form, equiangular 
triradiates, collar cells with basal nucleus, and parenchymula larva 
(Ascetta line); on the other hand, the Leiicosoleniidae with erect form, alate 
triradiates, collar cells with apical nucleus, and amphiblastula larva 
line). The divergence between the two families of Ascons indicates the 
deepest phylogenetic cleft in calcareous sponges. While the majority of 
the Heterocoela approach the Leucosoleniidae^ a few forms {e.g. Heteropegma) 
certainly find their nearest allies among' Clathrinidae. Hence a truly 
natural classification of the Calcarea must proceed along these lines. 
Nevertheless, any such classification, though to be looked for in the 
future, seems to us premature and inconvenient at present. The 
Heterocoela have not yet been studied in detail from this point of views 
and their phylogenetic connections are not yet sufficiently unravelled. 
We cannot therefore adopt here for practical purposes the division of 
Calcarea proposed by Bidder (1898) into the two groups—Calcaronea 
(Calcarea on the Aecyem line) and Calcinea (Calcarea on the Ascetta line). 
We retain for the present the two groups of Poldjaeff, not as natural 
orders, but as two grades of structure, indicating a frankly artificial 
classification. 

Banff has recently proposed to divide the Calcarea into two divisions— 
Dialytina^ with spicules separate, and Lithoninay with spicules united into 
a continuous framework {Petroetroma). This classification is obviously 
unsuitable for the entire group, but may be usefully employed within 
the limits of Pharetronidae^ where we retain it. 

As regards families, we adopt in the main the grouping proposed by 
Dendy, but we are unable, in the first place, to retain his so-called 
heterocoelous family Leucaecidae, The true position of the forms included 
in this family is amongst the Clathrinidae, In the second place, we retain 
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as a natural family the Pharetronidae^ which Dendy wishes to distribute 
amongst the other Heterocoela, 


Grade A. Homocoela, Pol, s. Ascones, H. 

Gastral layer continuous. 

Family 1. Clathrinidae, Minchiii. Form reticulate. Triradiate 
systems always present, equiangular; monaxons present or absent. Collar 
cells with nucleus at base. Larva a parencbymula. Genera— Clathrina, 
Gray (^Aseettaj H., pars. Ascaltis, H., pars., etc., and Leucoscus, D.); 
Figs. 2, 6, 7, 8; AscandrOy H., emend. (= Homandra^ Ldf., for Ascaiidra 
falcata^ H.); Dendya, Bidder, for Clathrina tripodifera, Crtr. Family 2. 
Leucosoleniidae, Minchin. Form erect; inonaxons always present; 
triradiates, if present, alate; collar cells with nucleus apical ; larva an 
amphiblastula. Genera —Ascymy H.; Leumoleniay Bwk. (= Aacayidray H., 
pars., etc.); Figs. 3, 4, 5. 

Grade B. Heterocoela, Pol. 

Gastral layer discontinuous and restricted to chambers. 

Family 3. Sycettidak, D. Chambers elongated, radially arranged 
round the central gastral cavity, their ends projecting on the dermal 
surface, not covered by a dermal cortex. Tubar skeleton articulate. 
Genera— SyceUa, H., emend. ; Sycor^ Risso, emend. (Figs. 9, 10); Sy- 
canthay Ldf. Family 4. Graetidae, D. With a distinct and continuous 
dermal cortex covering over the chamber layer, and pierced by inhalant 
pores. No subdermal sagittal triradiates, nor conspicuous subgastral 
quadriradiates. The flagellated chambers vary from elongate and radially 
arranged to spherical and irregularly scattered ones. The skeleton of the 
chamber layer varies from irregularly articulated to irregularly scattered. 
Genera —Orantiay Fleming (Fig. 11); Utey O.S. ; AmphivUy Han.; 
Utdlay D.; AnamixUlay Pol.; ^cyssay H.; Leucandray H. (incl. Pol^nay Ldf.; 
Vomaertay Ldf.; and Teichonellay Crtr., Figs. 12 and 71); Eilhardiay 
PoL(Fig. 13); Leucysaa, H.; Lamoniia^ Kirk. Family 5. Heteropidae, 
D. A dermal cortex as in the last. SuMermal sagittal triradiates 
present. Flagellated chambers as in the last. An articulate tubar 
skeleton may or may not be present Genera— Qraniesmy Ldf.; Heteropiay 
Crtr.; Vosmaeropiisy D. Family 6. Amphoribcidae, D. A dermal 
cortex as in the last Conspicuous subdermal quadriradiates, with 
inwardly directed apical rays, present Flagellated chambers as in 
last Genera — Edtroptymay Pol; AmphomcWy H.; H.; 

LeucmOf H. (including PericharaXy Pol.); Sphenophorinay Breitf. Family 
7. tPHARBTRONiDAB, Z, Skeleton with flbres formed by interlocking 
of spicules. Sor-Familt 1. Dialytinab, Rff. With all spicules 
separate. Genera — Lelapuiy Crtr.; ^DiapleeUoy Hinds [Ooy; 
*Eupioeal%ay Steinm. [Tr.]; *Eudeay Lamx. [Tr. Jur.]; *Chh^pimgia{ 
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Laube [Tr.] ; *Gelyphia^ Pom. [Tr.] ; *Himatella^ Z. [Tr.] ; *Peronidella^ 
Zeise {^Peronella^ Z.) [Jur. Cret]; ^Elasmocoelia^ Room. [Crct.]; 
*C(mocoelia^ Z. [Cret.] ; *Eudphonella, Z. [Jur.] ; *Corynella, Z. 

[Tr. Jur. Cret.] ; '^Myrmeciurrit Qoldf. [Tr. Jur.] ; *Inoholia, Hinde 
[Ool.]; *Lymnortay Lamx. [Jur.]; *Stell‘Upongia, d^Orb. [Tr. Jur.] ; 
*Trachydmtay Hinde [Jur.] ; *Se8tro8tomellat Z. [Jur. Cret.]; ^BlaMiniay Z. 
[Jur.] ; ^SynopelUiy Z. [Cret]; ^Oculispongiay From. [Jur, Cret] ; *Crispi- 
spmgiay Qst [Jur.]; *Elcumoitomay From. [Jur. Cret]; *Rhaphid(memay 
Hinde [Cret.] ; *Pharetrospongia, Soli. [Cret] ; ^Holcospongiay Hinde 
[Ool.]; *Pachytilodiay Z. [Cret.]; *Eauffiay Zeise [Jur.]; *Euzitteltay 
Zeise [Jur.]; *Strambergiay Zeise [Jur.]; *Thalamoporay Roem. [Jur.]; 
(Polyiteganinae, Rfl’.); *Verticillite8y Defr. Tremieyslia), [Cret', (Fig. 
14, A). Sob-Family 2. Lithoninae, Rff. With body spicules united 
by fusion into a rigid framework; fibres confined to cortical layer. 
Clenus —Petrostromay Dod. (Fig. 14, R). 

Many of the fossil forms included here under Dialyiinae will very 
likely prove, when better known, to belong to the Lithoninae. 

Incerti sedis — *Proio8ycony Z. [Jur.] ; {Sycettidae 7), 


CLASS II. HEXACTINELLIDA. 

The Hexactinellida or Triaxonia are a group of sponges character- 
ised in the first instance by the possession of siliceous spicules of the 
triaxon type, which are therefore primitively six-rayed. This 
fundamental structural peculiarity is correlated with a very uniform, 
and at the same time a very characteristic type of organisation, 
rendering the group one almost as sharply marked off from other 
sponges as are the Calcarea. 

To judge by the abundance of fossil remains, the Hexactinellida 
seem to have been a very abundant group at all times. At the 
present day they are almost confined to the deep sea, but in this 
region they are a widespread, and apparently flourishing group. 
It is to their peculiar habitat, however, that must be ascribed our 
still very great ignorance with regard to many points, especially of 
their histology and life-history. 

1. Canal System ,—^The embryonic development of the Hexac- 
tinellid sponges is not known; but very young specimens, still 
without an osculum, have been described by Schulze in his 
great mdnograph [21], from which it would appear that the 
starting-point for the development of the canal system in these 
forms is a stage which has advanced considerably beyond the 
Olynthas condition, and conforms more to the second type of canal 
system (Fig. 76; cf. Fig. 44), the gastral layer' being folded to 
form flagellated chambers. The wall of the sponge even in these 

* Fossil forms: Tr.« Trias, Jur. ss Jurassic, Ool s Oolite, Cret sCrstaosoos. 
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early stages consists of five layers (Figs. 76, 77): (1) an outer 
porous skin, the dermal mendjrane (d.m); (2) within this is a space 
traversed in all directions by strands of tissue, which constitute 
the suhdemuil trabecular layer \sd»ir) ; (3) within this is a continuous 
layer of thimble<shaped flagellated chambers, the blind ends of 
which are turned towards the dermal surface, and their openings 
towards the gastral cavity (fix) ; (4) internal to the chambers is 
another space, traversed by the sabgastral layer of trabeculae (sg.tr\ 
quite similar in its structure and appearance to the subderm^ 



Fio. 76. 

longitudinal snction of a young apeciiuen of Lanugirulla pumif O.8., with commeneiM 
formation of the oscular area. The spicules are omitted flroni the drawing, x 85. (After V. K 
Schulze.) ci.m, dermal membrane; 9d.tr, subdermal trabecular layer; /Le, Sagellated chamber; 
sg.tr, subgastrat trabecular layer; y.m, gastral membrane; Q.C, gastral cavity; oie, region of 
future osculum. 


layer; (5) and finally, the gastral cavity is limited by a porous 
gastral membrane (y.m), which recalls in its structure the dermal 
membrane. Of these five layers, the third comprises the whole 
gastral layer; the first, second, fourth, aud fifth are differentia¬ 
tions of the dermal layer. 

The five layers that have been described recur in the same ord§r 
and with similar characters in the body wall of all Hexaotinellids^ 
which exhibit a remarkable uniformity in this respect. The 
chief modifications that are met with in the canal system are due 
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either (a) to a folding of the chamber layer as a whole, or (//) to 
the folding and branching of the individual chambers. 

(a) The simplest cases of the folding of the chamber layer result 
in a type of canal system which reminds us of what has been de¬ 
scribed above in the calcareous sponge, genus Leucilla (cf. Figs. 70 
and 78). Short excurrent bays are form^ into which the chambers 
open, the latter being disposed into radiating groups round each 
bay. Further development of this process of folding leads to the 
formation of long branched excurrent canals, and the whole canal 
system approaches very nearly to the type seen in Leucons. The 
extent to which the folding of the chamber layer affects the other 



fSection of the body wall of KuplecUlla tuperffiUnm^ Owen. xllO. (After F. E. Schulze.) 
/.c, floricoinee (i.f. a form of hexaeter); ^ncipalia; ast, parencliyinal hexasters ; prp, 
proeopylea; app, apopylea. Other lettera la in rig. 70. 

layers of the sponge varies considerably. In the simplest cases the 
subdermal trabecular layer alone is affected (Fig. 78), and extends 
down into the intersj^es between the folds of the chamber layer. 
In most cases, however, the subgastral trabecular layer is folded 
with the chamber layer, so that it extends into the excurrent 
canals, while the subgastral membrane remains unaffected, and 
either stretches across the openings of the excurrent canals (Fig. 79X 
or is interrupted at these spots. But in extreme cases, as seen in 
the family HydoimfuUida^ the subgastral membrane shares in the 
folding of the chamber layer and forms a lining to all the excurrent 
canals. In no case does the subdermal membrane take any share 
in process of folding. 
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(i) The instances of the chambers themselves being folded or 
branched are numerous, and an extreme case is seen in the ear-like 
form Ev/rypUgrm (Fig. 20, C, and Fig. 80). 

This condition is at first sight difficult to distinguish from the condi¬ 
tion found in the Hyalon&matidae^ a family remarkable for the fact that 
the chambers grouped round each excurrent canal are continuous with 
one another at their apopyles, the gastral epithelium passing on without 
interruption from chamber to chamber. In fact, each excurrent canal 
in HydUmema might be tliought to be a single, branched chamber, were it 
not for the important difference that the subgastral layer and the gastral 
membrane extend, as has been said, into it This feature at once dis¬ 
tinguishes the excurrent sinuses from branched chambers, since no 

d.m>. 


fie. 


diet 


Fio. 80. 

Section of the wall of Sur^emna auriculartf F.B.B. All ai>lciilee are omitted except the 
dittyonalia, x26. (After F. B. Schulze.) diet, the dictyonal framework formed by union of 
the prindpalia one to another. 

such extension of the inner layers of the body wall into the lumen 
of the chambers ever occurs. The condition found in the HydUh 
nmoUidae would appear therefore to represent a fusion of chambers 
primitively distinct, or more probably still a condition where the multi¬ 
plication of chambers by fission has stopped short of completion. 

The uniform and simple structure of the body wall in Hexactinellid 
sponges makes it easy in these forms to determine in any specimen the 
rations of the gastral cavity, since the anatomy of the young forms (Fig. 
76) shows clearly that the subgastral membrane, through which the water 
passes after issuing from the apopyles and traversing the subgastral frame¬ 
work, is its boundary. Hence any space which is limited by, or borders 
upon, the subgastral membrane, must be morphologically the gastral 
cavity. We have already described the series of form modifications 
whereby the gastral cavity may become greatly widened, and finally, in 
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such a form as Caulophacus^ becomes merged, as it were, in the outer 
world. The converse series of changes, on the other hand, where, by a 
process of folding, a portion of the outer world becomes enclosed to form 
a pseudogaster or false gastral cavity, is not known {pace Lcndeii- 
feld) to occur. The osculum of Hexactinellids is tyi)ically a wide 
ai>erture, frequently partially closed by a delicate sieve-plate (Fig. 18). 
In Exiplecfella and its allies (Figs. 15 and 18) parietal gaps, which have 
no relation to the canal system, occur in the body wall, leading into 
the gastral cavity. 

2. Skeleton .—The skeleton of the Hexactinellid sponges is of 
great interest from the morphological point of view, since the 
spicules exhibit in remarkable manner the persistence of one funda¬ 
mental type in the midst of infinite variations. 

Forms of the Spkvles .—^The primitive type of spicule in the 
Hexactinellids is the regular hexactine^ a form vrith six similar and 
equal rays meeting at right angles at a common centre (Fig. 47, e). 
Each ray is traversed by an axial organic thread, which after 



Fio. 81. 

Moflifications of the trUxon type of spicnle. o, sword>like hexactine ; h, c, two varietiea of 
the piiiulua; ci, atnphidiac; r, pentactine; /, tetractiue; g, rhabdua. 

maceration becomes a minute canal. The six axial threads meet at a 
point, forming the so-called axial cross, a structure of great importance 
for determining the morphological centre of the spicule. 

Spicules of this form are of common occurrence in moat species 
of the group. More commonly, however, the primitive hexactinal 
form has become diversified by modifications, which may be grouped 
into two series. 

In the first place, one or more of the rays of the primitive 
hexactine may vary in size relatively to the other rays, so as to 
become either greatly hypertrophied, on the one hand, or reduced 
even to the vanishing point, on the other band. Unequal develop¬ 
ment of the rays results in peculiar forms of the hexactine, such as the 
sword-like hexactines, characteristic of the Euplectellidae (Fig. 81, a). 
Complete atrophy, or rather arrested development, of one or more 
of tiie rays, causes the primitively six-rayed type to become pent- 
actinal, tetractinal, and so on, until finally only one or two rays., 
remain (Fig. 81, e,f, g), and as the end term of this series we have 
a simple monaxon rod, which may be either diactinal (rhabdua)^ or 
monactinal So long, however, as there are more rays than 
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one persisting, they always meet at a multiple of a right angle, and 
the constancy of the angles between the rays at their origin is a 
striking feature of the triaxon spicule, though often masked to 
some extent by curvature of the rays themselves. 

In the second place, one or more of the rays of the hexactine, or 
of one of its reduced forms, may become modified in various ways; 
as, for instance, by becoming curved, or by the acquisition of spines, 
knobs, hooks, and so forth, or finally, by the development of 
secpndary branches, which in their turn may be curved or orna¬ 
mented in various ways. Specially noteworthy, and often of 
systematic importance, are the various ways in which the rays, or 
their secondary branches may terminate. Thus to take the hex¬ 
actine as an example, its rays may end in sharp points {oxyhea^ 
actine), or in knobs (tylhexadine), or discs (diseohexaetine). 

By the combination of modifications along different lines, there 
results a great variety of forms of the triaxon spicule, some of which 
have received special names and are characteristic of particular 
families, or subdivisions of the group. 



Fro. 82. 

Characteristic Hexactinellid spicules.' a, uncinate; h, clavula; e, scopola. (After F. B. 
Schulze.) 

As instances of such forms maybe mentioned theptnu/t (Fig. 81,6, e), 
spicules usually pentactinal, sometimes, however, hexactinal, in which 
one ray direct^ radially, as regards the sponge body, and always pro¬ 
jecting freely from a surface, either internally or externally, develops 
numerous small spines, and resembles a fir tree ; the various forms of 
aster or rosette {h^cct8ter\ produced by branching of the rays, and giving 
rise in their turn to a large series of varieties (ozyhexaUer^ discohextuter^ 
“ floricome,’’ “ plumicome,” etc., Fig. 48, 0 , t, Fig. 77, f,c) ; the amphidiici 
(Fig. 81, d) characteristic of the HyalonemcUidae^ rhabdi which bear at 
their distal extremities disc-like expansions curved towards the centre and 
prolonged into several tooth-like protuberances; the peculiarly ornamented 
rhabdi known as uncinates (Fig. 82, a) and scoptUae (Fig. 82, e\ and the 
monactinal clavulae (Fig. 82, h\ and many other forms too numerous to 
mention. 

Many of the forms of the triaxon spicule depart widely in 
appearance from the primitive type, and are often difficult to 
recognise as belonging to it. In tracing the affinities of the 
spicule, the axial cansd affords in many instances a safe clue for 
the detection both of those parts which are of secondary origin, 
and’Uiose which have been lost, since, on the one hand, it is 
not continued into the various spines or branches which may be 
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developed on the primary ray, and, on the other hand, a minute 
continuation of the axial thread may often be found indicating a 
ray which has been completely lost A beautiful instance of the 
latter kind is seen in the diactines which have 
the two rays placed in the same straight line 
(secondary monaxons). In some instances the 
four undeveloped rays are indicated by four 
knobs, containing as many axial canals, which 
form a minute axial cross at the morphological 
centre of the spicule (Fig. 83, A). In other 
cases the four knobs are further reduced to a 
slight swelling, or have disappeared altogether 
(Fig. 83, J9, C), the minute axial cross remaining, 
however, to indicate the aborted rays. Finally, 
even the axial cross may disappear, leaving no 
trace of the missing rays. 

The root tuft with which many Hexactinellids 
are provided is composed of long thread-like spicules, 
daction of a hexActino which in Hyalonma may be two feet or more in 
tion. In A four nidi- length, and are furnished with recurved, anchor- 
hooks at their distal extremities. Some of 
in B then ie onlr a these rootihg spicules bear at their termination four 
SSm; ^*^c"8»ey hAvo hooks, placed at right angles to each other, and to 
diiAppe^ ai^ther. the sWt, and containing prolongations of the axial 
an indicAted by the canal ; the spicule 18 therefore pentactinal, with one 
ray ▼^ry greatly developed. In others the anchor¬ 
ing hooks are numerous and arranged according 
to various types of symmetry; they contain no axial canal, and are 
therefore of secondary origin, but at some point in the shaft of the 
spicule a minute azi^ cross can usually be found, proving it to be a 
much elongated dioctine. In a similar way the icoptUcte (Fig. 82, c) are 
seen to be diactinal in their nature, the axial thread not being cjn- 
tinued into the terminal branches. 

Arrangmeni of the Spicules m the Skdeton, —According to their 
position in the sponge body the spicules of Hexactinellids may be 
divided into several categories, corresponding to the regions of the 
body which it is their function to support or protect 

(1) Proslalia, —^Defensive spicules, usually diactinal monaxons, 
which project over the surface of the body, only found in Lyssacina. 
A spe^ differentiation of such spicules may form a protecting 
fringe round the osculum, or an anchoring root tuft at the base 
{prostaUa mafgmalia et bascdia). Those scattered over the general 
surface of the body are termed pUufalia. 

(2) i>ennalia.-^picules supportiDg the dermal* membrane; 
usually hexactinal or pentactinal, with four similar rays lying em* 
bedded in the membrane. They are distinguished as 


€ur.a 



Fio. 83. 

Three etegee in the re- 
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or hypodermaJia, according as their axial cross is placed within, or 
beneath, the dermal membrane. 

(3) Oastralia. —Spicules similar in form and function to the last 
named, but supporting the gastral membrane. 

(4) Parenchyrrudia, —Spicules supporting the general parenchyma 
and the chambers between the dermal and gastral membranes. In 
the most primitive types of skeleton, as seen in Holascus and Farrea^ 
the parenchymal skeleton consists of large regular hexactines 
{principalia\ arranged to correspond with the intervals between the 
thimble-shaped chambers, two rays being disposed radially and four 
tangentially (Fig. 77, pro). This primitive type of skeleton may 
become much modified in various ways, both as regards arrange¬ 
ment and composition, the primitive hexactinal principalia becoming 
modified in form, and supplemented by other spicules {(xmdtalia). 
In the sub-order Dictyonina and in many Lyssacina the principal 
spicules of the parenchyma are united into a continuous framework, 
and distinguished as diciyonalia. 

Union of the Spicules, —In many Hexactinellids the spicules re¬ 
main separate from one another and simply interlock. In other 
cases some of the spicules of the parenchyma become united to 
form a continuous framework. This union is always effected by 
secondary deposits of silica, never by spongin. 

In the simplest method of union, characteristic of Dictyonina, 
two parallel rays become apposed and united by concentric layers of 
silica into a beam, in which the primitive component rays are dis¬ 
tinguishable by their separate axial canals. In other cases the end 
of a ray of one spicule becomes soldered to the central node, at 
which the rays intersect, in another. In other cases again the rays 
of adjoining spicules crossed in any direction are bound together 
by web-like lamellae of silica. When two rays are not in contact^ 
cone-like elevations grow out from the sides of opposite rays, meet^ 
and finally fuse to form a connecting siliceous bridge or synapticula. 
Since all these secondary deposits of cementing siliceous material 
are without axial canals, they can easily be distinguished from the 
true spicules. 

In the Dictyonina the principal spicules of the parenchyma 
become united early into a framework, and are separate only in the 
growing portions of the sponge. Their union imposes a check on 
the growth of the sponge in a lateral direction, but it can contmue 
to grow in length or at the free margin; hence the occurrence in 
this group of tubular, plate-like, or cup-shaped sponges, the former 
often very similar in form to those in the calcareous family Claik- 
rinidae. 

In the Lyssadna the spicules either remain separate. (Hydh- 
nematidae, Hclatcinae), in which case the sponge may attain to a huge 
size {Pdicpogon gigas, and others), or they may b^ome united into 
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an irregular manner at a late stage in the life>history, setting a 
limit to further growth. 

General Remarks on the Skeleton ,—Beautiful instances of adaptation to 
the conditions of life in abyssal depths are seen in the arrangement of 
the skeleton in sponges of this group. Thus in Euplectella the spicules 
are arranged in fibres which run either longitudinally, or in tninsverse 
circles, or diagonally, to form spirals running in two directions. The 
longitudinal and transverse fibres strengthen the sponge to support the 
weight imposed upon it by the continual shower of particles, skeletons of 
Radiolaria^ etc., raining down upon it from the surface. The spiral 
fibres correspond to the lines of stress and strain produced in a cylinder 
fixed at one end and free at the other, which is acted upon by a force at 
right angles to its axis, and strengthens the sponge against the action of 
currents. Some species of Euplectella are cornucopia-shaped and further 
strengthened by lateral ridges (Fig. 15); such a form is adapted to 
constant currents in one direction. Other species, adapted to currents in 
any direction, are cylindrical and upright, and strengthened equally on 
all sides (Keller, 1891). 

In a brief but suggestive memoir Schulze [22] has drawn attention 
to the remarkable fact that although the spicules of Hexactinellids are 
composed, apparently, of non-crystalline material (colloid silica), yet their 
axes.possess the same symmetry as the crystals of the cubic system. Not 
only is this true of the ordinary hexactine, but it is also seen in many of 
the less common forms of spicule. Thus the discoctasters are spicules with 
nght rays terminating in discs, each disc corresponding in position to one 
)f the eight comers of a cube; again, in the nodes of the dictyonal frame- 
vork of many forms (eg. Aulocystis), the twelve edges of the regular 
ictahedron are marked out by girder-like trabeculae; and the six 
secondary planes of symmetry of the cubic system are often indicated by 
branching of the hexactines, or by their hook-like curvature. These 
facts invite a renewed investigation of the physical nature of the spicule 
material; should it prove beyond all doubt to be non-crystalline, then 
these striking imitations of crystalline axes must be regarded as mechanical 
adaptations in a supporting framework—the culmination, rather than the 
starting-point, of the evolution. 

3. Huiology »— The finer structure of the boay wall is of very 
uniform, and at the same time of very simple, composition. The 
dermal membrane is covered by a flat epithelium, and the under¬ 
lying parenchyma is composed as in other sponges of a matrix 
containing coUencytes, amoebocytes, and, doubtless, scleroblasts, 
besides sperm masses and ova. A remarkable feature of the dermal 
layer is its trabecular structure. Fine strands of tissue stretch 
in every direction over a continuous lacunar space, furnishing a 
very complete filtering apparatus for the ingoing water current As 
a consequence of this peculiar structure, the connective tissue systemT 
is very greatly reduced in quantity, and in the trabeculae there 
seems to be no sh^ distinction between the epithelial and 
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parenchymal strata, a point in which Hexactinellids are perhaps 
more primitive than other sponges. 

The choanocytes, long unknown, have recently been discovered by 
Schulze, who describes them in SchatuHnnia arctica as a uniform layer of 
columnar epithelium, each cell bearing a collar and flagellum. The body 
of the cell is slightly constricted towards the middle, and expanded both 
at its upper and lower ends. At the lower end the base of the cell forms 
a foot-like plate, which contains the nucleus, and is in contact with the 
similar basal plates of neighbouving cells to form a continuous protoplasmic 
membrane, limiting the chamber towards the exterior and interrupted 
only by the chamber pores or prosopyles. In surface view the basal 
membrane shows a number of granular strands running from each nucleus 
to its four neighbours, and so producing the appearance of a netw-ork or 
lattice with approximately rectangular or rhombic meshes ; this is the 
viembraiia reticukiris formerly described by Schulze in the Challenger 
material, and then but imperfectly understood. Finer strands, disposed 
ill an irregular manner, ramify in the meshes of the coarser network. 
At their upper ends also the choanocytes are adherent to one another, 
just below the origin of the collar, except where a prosopyle traverses the 
chamber wall. In this way a contiuuons system of spaces is enclosed 
between the narrowed middle portions of the cells. The collars are quite 
separate from one another. The flagellum is connected with the basal 
nucleus by an axial filament passing down through the body of the cell. 

4. Development. — Nothing is known of the embryology. Schulze 
found only immature ova, of the usual typ, in the GhaUenyer material, 
and no larvae or even segmentation stages. 

6. CUmiJication .—The classification here adopted is that applied by 
Schulze (1887) to recent forms, witli a few subsequent additions or 
emendations. In addition a certain number of fossil genera and families 
have to be noticed, of which the exact position in Schulze’s system is 
not in all cases clear and cannot be determined without special in¬ 
vestigation.^ 

Sub-Class 1. Lyssacina, Z. 

The spicules of the skeleton either remain separate or are united at 
a late period of growth in an irregular manner by siliceous masses or by 
transverse eynapticulac. 

Ordibr 1 . Hezasterophora, F.E.S. 

Hexasters always present in the parenchyma; ciliated chambers 
thimble-shaped, sharply separate from one another. 

Family 1. Euplectellidae, Gray. The dermal skeleton contains 
sword-shaped oxyhexactines with long proximal ray. (a) Sub-Family 1. 

^ In hit most recent work on'American Hexactinellids [24] Schulze aliandous the 
eubdlvisione Lyssacina and Dictyoiiina as a natural classification, and divides the 
group into two ordere; (1) Aniphidiecophora, including the single family Hyaltmt- 
waUilati and (2) Hexaiterophora, which is extendi to include not only the 
remidDiug families of Lyssacina, but alto all the Lktyouina. 
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Eoplectellinae, F.RS. Tubular forius with transverse terminal sieve- 
plate ; the body wall perforated by circular parietal gaps; distal ray of 
dermal oxyhexactine bearing a iloriconie. Genera —EuplechlUiy Owen 
(Fig. 16) ; Regadrellat O.S. (Fig. 18). (h) Sub-Family 2. Holascinab, 
F.E.S. Tubular, without parietal gaps or superficially situated fioricomes ; 
with parenchymal oxyhexasters. Genera— HoJmcm^ F.E.S.; Malacosaccus, 
F.E.S. (c) Sub-Family 3. Tabobrinae, F.E.S. Sack-like or tubular, 
the thin body wall perforated by parietal gaps of irregular size and 
distribution. The skeletal lattice work of the body wall forms an 
irregular meshwork; with superficially situated fioricomes. Taegeria^ 
F.E.R ; IVaUeriOy F.E.S. Genera incerti sedis — Habrodictyum, W. Th.; 
Eitdietyunit Marshall; Dictyocalyx^ F.E.S.; Rhahdodictyum, O.S. ; Rhahdo- 
pUclelUty O.S.; Hyalostylv^ F.KS. Family 2. Hertwigidab, Tops. 
(1892). Skeletal framework composed of hexactines and diactines united 
by synapticulae; the free parenchymal spicules ore hexactines of two 
kinds, one confined to the surface ; characteristic hexaster, one with four 
sickle-shaped hooks on each of the principal raya Genera— Hertwigia^ 
O.S. ; Trachycaulus, F.RS. Family 3. tAscoNEMATiDAE, Gray (Schulze, 
1897). Dermal and gastral skeleton containing pinuli with spined radial 
rays projecting freely ; hypodermalia pentactinal, but no hypogastral 
pentactines; parenchymal discohexasters. Genera— Aaconema^ Sav. 
Kent. (Fig. 17) ; Aulascua, F.E.S. ; Byrwpagella^ O.S.; SaccoealyXf F.E.S.; 
iCatdophacus, F.E.S. [Eoc.], (Fig. 20, C7). Calycoaomoj F.E.S.; CalycosacctUy 
F.E.S. Family 4. tRossELLiUAB, F.RS. (lijima, 1898). The dermalia 
always without distal radial raya (a) Sub-Family 1. Leucofsacxnae, 
lijima. Dermalia not differentiated into autodermalia and hypodermalia. 
Genera— Leueopsacm, lij,; ChaunoplecUlla^ lij.; Placoplegmay F.RS.; 
Aulocalyx, F.RS.; EurypUffma^ F.RS. (Fig. 20, A); Caulocalyx^ F.E.S. (6) 
Sub-Family 2. Lanuoinbllinab, F.E.S. With distinct auto- and hypo¬ 
dermalia ; without octasters; plumicomes present; with or without 
oxyhexasters. Genera— Lanuginella^ O.S. ; Lophocalyx^ F.RS. («= Poly- 
tofhm, F.RS.) ; Mellonympha^ F.E.S. (e) Sub-Family 3. tRoasELLiNAB, 
F.RS. With distinct auto- and hyp^ermalia; without octasters or 
plumicomes ; oxyhexasters always present. Genera— Bathydorm^ F.RS.; 
Ft^rofltt^lij.; iCrateromorpha, Gray [Eoc.]; Aulochone^ F.E.S. ; Byalaseus. 
lij.; Rouella, Crtr. (Fig. 16); Aphorme, F.E.S.; AulosacctUy lij. (d) SUB- 
Family 4. Acamthascinae, F.RS. With distinct auto- and hypo¬ 
dermalia ; octasters and oxyhexasters always present. Genera—Stouro- 
calyptui^ lij.; ShahdoealypUii, lij.; Acanthaocm^ F.E.S. ; Aeamtiumecuty 
F.E.a 

[Rossellklae as yet undescribed; Schaudinnia^ Triduutmna^ and 
Seyphidium^ Schulze, 1899.] 

Order 2. Amphidiaeopliora, F.Ra 

Apiphidiscs always present in the limiting membranes. No hezasters 
in the ponnehyma. Always with an anchoring root tuft. Ciliated 
chambers ineg^ in shape, and not sharply marked off from one 
another. 


t Fossil Mid recent 
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Family 5. tHvALONEMATiDAE, Gray (Schulze, 1893). Pentactinal 
pinuli in both dermal and gastral membranes. (a) Sub>Family 1. 
tHYALONSMATiNAE, F.E.S. Genera— ^Hyalonema^ Gray [Eoc.], (Fig. 19) ; 
fP^onema, Leidy [Eoc.] ; Poliopogon^ W. Th. (Fig. 20, B); *Pyritonema^ 
M*Coy [Sil.]; *Onco8eUa^ Rif. [Sil.]. (b) Sub-Family 2. Sempbkellinae, 

F.KS. Genus —SemperelUtf Gray. 

To these must be added the following families of extinct Lyssacina :— 
Family 6. *Proto8PONGIDae, Hinde (Raulf. 1893). Genera— Protospongia, 
Salter [Cambr.] ; Pharmosdla, Hinde [Sil.]. Family 7. M)ictyospon- 
OIDAB, RAF. Genus— Dictyophyton, Hall [Sil. Dev.]. FamiLy 8. *Plecto- 
SPONOIADAE, Rff. Genera— Cyathophycus^ Wale. [Sil.]; Palaeosacciis^ 
Hinde [Ordov.] ; Acanthodictya^ Hinde [Sil.] ; Plectoderma^ Hinde [Sil.]. 
Family 9. ^Brachiosponoidae, Beecher. Genus — Brachioapongia, Marsh 
[SiL]. Family 10. ♦Pattersonidab, Rff. Genus— Pattersonia, S. A. 
Miller [Sil.]. Family 11. ^Receptaculitidae, Eicliw. Genera— hchadites^ 
Murch. [Ordov. SiL]; SphaerospoTigia^ Peng. [Dev.] ; Receptaculites^ Defr. 
[Ordov. Sil. Dev. Carb.]. Family 12. *Amphispongidae, Rff. Genus 
— Amphispongia, Salter [Sil.]. Family 13. *Moxakidae, Marshall. 
Genus— Stauractinella, Z. [Cret.]. Family 14. ■’’’Pollakidae, Marshall. 
Genera— Hyalostdia, Z. [Carb. Cret.]; Holasterella^ Crtr. [Carb.] ; Spir- 
acttnella, Hinde [Carb.] ; Acantluictinella^ Hinde [Carb.]. 

Incerti sedis —*Astroc<mta, Soil. [Sil.] ; ^Teganiunif Rff. [Sil.]. 

(Note ,—Families 13 and 14 represent two groups, which, so far as 
living forms are concerned, have been broken up o.nd distributed amongst 
other families, and it only remains for the fossil forms to be similarly 
treated.) 

Sub-Class 2. Dictyonina, Z. 

The large parenchymal hexactines are from the first united more or 
less regularly as dictyonalia into a firm framework. 

Order 1. Uncinataria, F.E.S. 

With uncinates. 

Sub-Order 1. Clavularia, F.E.S. 

Groups of radially disposed damdae in addition to pentactinal hypo- 
dermalia and hypogastralia, sometimes also acopulae. 

Family 1. Farreidab, F.E.S. In the youngest portions of the tubes 
the dictyonal framework consists solely of a single-layered network with 
square meshes, each node of intersection bearing on either aide a conical 
bm projecting at right anglea Genera—Farrea, Bwk. (Fig. 21); Clavie- 
eopulia^ F.E.S. 

Sub-Order 2. Sgopularia, F.E.S. 

Groups of radially disposed eeopulae in addition to pentactinal hypo- 
dermalia and hypogastralia, never with clawUae, 

* Fossil foRDS: Oambr, asCambrian ; Ordov. s Ordovician ; Sil. Silurian ; Dev. = 
Devonian ; Carb. sG^boniferons; Boo, s Eocene ; other references as under Calcarea 
(above, footnote to p» 111): if the whole fiunily is known only in the fossil condition, 
the ssbnrlsk Is not iSixed to each separate genus. 

11 
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Family 2. t Eurstidae (Z.), F.E.S. Branched anastomosing tabes, form¬ 
ing an irregular framework or the wall of a cup ; dictyonal framework of 
the tubular wall always several layers, never, as in Farrea, a single-layered 
network. Genera— Eurete, Crtr.; PeriphragellOy Marshall; LefrcytUa^ W. 
Th.; ^TreTnadietyon, Z. [Jur.] ; *CraticiUaria^ Z. [Jur. Cret.] ; *Bfhm(mlaXy 
Z. [Jur.]; *Sporadopylef Z. [Jur.] ; ^Vemucocoelia, Et [Jur.] ; *Staur(memay 
Soli. [Cret.] ; *Se$trodictyon^ Hinde [Cret .]; ^CalatJiisctiSf Soil [Ool.]. 
Family 3. jMellittionidae, Z. Body in the form of a system of ramified 
tubes or of a cup with lateral diverticula ; dictyonal framework with 
irregular meshes; parietal skeleton honeycomb-like, with more or less 
hexagonal canals disposed radially ; each such canal occupied by an 
extension of the chamber layer, and covered over externally by the 
dermal, internally by the gastral membrane. No scopulae in gastral 
skeleton. Genus— fAphrocalltstes, Gray [Cret Eoc.], (Fig. 22). Family 4. 
tCosciNOPORiDAE, Z. Body cup-shaped or plate-like, the wall traversed 
by elongated, funnel-shaped, straight canals (incurrent and excurrent), 
of which the wide openings, covered by the sieve-like limiting membrane, 
are placed alternately on either surface of the wall, while the other 
extremity ends in a blind point. Genera— *Co8cinoporn^ Goldf. [Cret]; 
*Lcptophragina, Z. [Cret.]; *Pleurostoniay Iloem. [Cret]; *Guettardia^ Mich. 
[Cret.]; Chonelasma, F.E.S. ; Bathyxiphus, F.E.S. Family 5. Trb- 
TODiCTYiDAE, F.KS. Incurreiit and excurreiit canals penetrate the body 
wall with an oblique, longitudinal, or even curved course, not trans¬ 
versely. G^nem~Hexactinella^ Crtr.; Cyrtaulon^ F.E.S.; Fieldt^igia^ 
Sav. Kent; Sclerothamntu, Marshall. 


Order 2. Inennia, F.E.S. 


Without uncinates or scopulae. 

Family 6. fMAEANDRospoNOiDAE, Z. The body consists of a con¬ 
nected system of labyrinthine anastomosing tubes, between which there 
is a connected interstitial system of interspaces. The water entering 
by the latter pa^s through the walls of the tubes and along them 
either into the gastral cavity or directly to the exterior. Genera— 
Dactylocalyxy Stutchb. ; Margaritella, O.S.; ScUropUgma^ O.S.; Myliuiia^ 
Gray; Aulocystis, F.E.S.; *Plocoscyphia, Kss. [Cret,]; *Etheridgia, Tate 
[Cret.]; *Toulminia, Z. [Cret.] ; *Camerotpongiay d’Orb. [Cret.]; *CyiU- 
spongia, Boem. [Cret]. 


To these must be added the following extinct families:—F amily 7. 
^Staorodermidae, Z. (with sub-families Porosponoinab and Stauro- 
dbrmikab, Rflf.). Genera— CypelUa^ Pom. [Jur.] ; ^ftaurodermo, Z. [Jur.] ; 
Purinphonia^ Bwk, [Jur. Cret.] ; PorocypeUia^ Pom. [Jur.]; Camarui^ 
Qst [Jur.]; Porotpongta^ d'Orb. [Jur.]; OphrygUma^ Z. [Cret] ; Oinclir 
Hinde [Cret]; Eubrochuiy ^IL [Cret]; PlacotTma^ Hinde 
Family 8. *Callodictyonii)ab, Z. Genera—OWWiefyews ,Z. 
; Manhallia^ Z. [Cret]; P&roehonia, Hinde [Cret.]; Beduia^ SchlUt 
; Pleuropef Z. [Cret]; Dtplodidyum^ Z. [Cret] ; SelmkaUf^ Hinde 
Family 9. ^Coiloptychidab, Z. Gentis—Cosk 9 >fye^illll^ Goldf. 


Cret; 

Cret' 

'Cret. 

Cret' 
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[Cret]. Family 10. ^Ventbiculitidae, Hinde. Genera— Pachyteichisma^ 
Z. [Jut.] ; Trodioholuiy Z, [Jur.] ; Phlycteniumj Z. [Jur.] ; Ventriculites^ 
Mant [Cret], (Fig. 23); Schizorhahdvs, Z. [Cret]; RhizopoterioUj Z. 
[Cret]; Sporadoscinia^ Pom. [Cret.]; Coeloscypkia, Tate [Cret]; Sestrocladia, 
Hinde [Cret]; Licmotiniony Pom. [Cret] ; Polyblastidiuirij Z. [Cret] ; 
CephalUeSf T. Smith [Cret.]. 


CLASS III. DEMOSPONGIAE. 

The sponges included in this class appear at first sight a very 
heterogeneous collection. The variations of structure are very 
great, and between the Demospongiae which stand furthest apai t 
in the scale—the Tetractinellids on the one hand, and the ICeratosa 
on the other—the differences are so pronounced that, if considered 
by themselves, the former might be thought to have less in 
common with the latter than with, for example, the Hexactinellids. 
But even between extremes such as these, there is to be found a 
complete series of intermediate forms, which is nowhere interrupted 
by any such abrupt distinctions as those which mark off the Demo> 
spongiae as a whole from the other siliceous sponges. 

The Demospongiae represent, in fact, the class of sponges which 
is the most widely spread, and most dominant at the present day, 
comprising all the most familiar examples of the phylum Porifera. 
Their cosmopolitan distribution places them amidst the most varied 
conditions of existence, and they respond to the differences of their 
environment by a wide range of adaptations. The Demospongiae 
are at once the most plastic and the most highly organised of 
sponges, as regards histological differentiation or elaboration of 
anatomical structure. We find here the most perfect types of 
canal system, and in such a form as Disyringa (Fig. 26), with 
its single incurrent aperture, we find the extreme of individualisa- 
tion seen in any sponge. On the other hand, those Demospongiae 
inhabiting the shore-line tend to lose their individuality, and to 
advance towards an impersonal condition, in which the primitive 
individual becomes merely an ill-defined physiological centre in a 
spreading and often amorphous growth. 

Canal System .—^The starting-point of the post-embryonic growth 
and development in Demospongiae is a form known as the Bhagan^ 
which, like the Olyntkus of Calcarea, represents a transitory stage 
from which the existing forms of canal system in this group can be 
derived by simple processes of growth. Hence the canal system 
of the groups included under the designation Demospongiae— 
the Tetractinellida, Monaxonida, Keratosa, etc.~are often known 
as the Bhagon type of canal system. 

The Bhagon (Figa 61, s, and 64) is a little sponge organism, in 
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shape like a cake or bun, being usually slightly flattened and spread 
out) with an irregular, but more or less circular outline! The upper 
surface of the body is studded with minute pores (prosopyles), 
leading directly into small rounded flagellated chambers, which in 
their turn open by wide apopyles into a spacious gastral cavity, 
Uned everywhere by flattened epithelium. The water passes out 
of the gastral cavity by the osculum, which is often raised up like 
a chimney from the surface of the body. The lower surface of the 
body is in contact with the surface of the object to which the 
sponge is attached, and contains no chambers. Hence two regions 
can be distinguished conveniently in the body wall; a lower portion, 
devoid of chambers or pores, the hypoplmre^ and an upper portion, 
containing all the chambers, the spmgophare. 

From the foregoing it will be seen that the Rhagon is con¬ 
siderably in advance of the Olynthus as regards organisation, since 
it has a canal system of the second type, with the gastral layei 



Fio. 84. 

Vertical section of a Rhagon, diagrammatic, o, osculum; p, gastral cavity. (After KeUer, 
X about 100). 


confined to the flagellated chambers, and the gastral cavity lined 
everywhere by flat epithelium of the dermal layer. No stage with 
fully formed pores and osculum, and with a canal system in a state 
of functional activity, is known to occur of a simpler type than the 
Rhagon in any Demosponge, but a transitory embryonic stage is 
often found which may be interpreted as a suppressed and con¬ 
tracted OlyrUhus stage (Fig. 63, B). No Demosponge is known, on 
the other hand, which remains in the simple Rhagon condition; 
growth and folding of the wall lead in all cases to a series of pro¬ 
gressive complications. 

The simplest adult type of canal system in Demospongiae is 
represented by such a form as Plakina numdopha (Fig. 61,/), in 
which the upper wall or spongophare of the primitive Rhagon has 
become fold^ to form a number of lobes op diverticuliu The 
flagellated chambers become restricted to the walls of the diverticula 
in question, and open into their cavities, which, though in origin 
simply portions of a continuous gastral cavity, may be distinguished 
conveniently as excurrent canals from the gastral cavity proper, just 
as the spaces enclosed between the folds of the spongophare may 
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be termed incurrent canals^ though in reality spaces external to the 
sponge. A condition quite similar in the main to that seen in 
Plakina manolapha^ occurs also in Oscarella^ which differs only in having 
both apopyles and prosopyles drawn out into distinct aphodi and 
prosodi, so that the very simple canal system in this form is of the 
diplodal typo (Schulze).^ 

The further development of the canal system is brought about 
by processes of growth perfectly similar to those already described 
in the Calcarea Heterocoela; namely, on the one hand, by further 
folding of the spongophare, leading to considerable branching and 
complication of both the excurrent and incurrent canals; and, on 
the other hand, by thickenings of, and fusions between, the outer 
ends of the diverticula of the spongophare, with the result, first, 
that the incurrent spaces become more completely enclosed and 

E 


c 


Fio. 85. 

Diagram of a transverse section through the outer region of TtiUlu in’diftru. E, ectosome; 
C, choanosorne; e, excurrent canal; i, incurrent canal; jp, ostia. (After Sollas, “ Challenger ” 
RtporU.) 

narrowed to form definite canals; and secondly, that a cortical 
layer is developed on the external surface of the sponge body. 

An instructive stage in the evolution of the incurrent system 
exhibiting but a slight advance on the state of things found in 
PlaUdna monolopha, is seen in the Tetractinellid genus Tetilla (Fig. 85). 
The dermal layer is greatly thickened at the distal extremity of 
each diverticulum of the spongophare, and the outer free margin of 
each such thickening is expanded into a rim or plate which unites 
with the margins of other and similar thickenings to form a 
continuous dermal membrane^ perfectly comparable in its origin to 
the pseudoderm often formed in an Ascon colony or the dermal 
membrane of some Heterocoela. Over each incurrent canal the 
dermal membrane is perforated by the deimial pares or ostia (stamions, 
Topsent), while the true pores or prosopyles (chamber pores) are 
now no longer visible on the surface. In consequence of these 
advances in organisation, two regions of the sponge body can now 

* The preteiiee of prosodi in Osoarella is disputed by some authors, and it is 
possibly a variable diaraeter; cf. p. 49, mpra. 
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be distinguished: first, an external or enveloping portion, contain¬ 
ing no chambers, termed the ectosom; and secondly, an internal 
portion, containing the chambers, termed the ekoanosome. The 
former is a new acquisition; the latter constitutes the whole body 
in such a form as Plakina monoU^ha or in the Rhagon. 

In conrespondence with these changes the incurrent canal 
system can now be distinguished territorially, so to speak, into 
two portions, the one lying in the ectosome, the other in the 
choanosome. Each portion of the incurrent canal system may 
exhibit very various modifications in different forms, as the result 
of different modes of growth on the part of the ectosome. Simple 



Vertical nection of Stdletta phrimv». Soil. Young specimen, showing the choanosome folded 
within th«; cortex, o, oaculuni. (After Hollas, **ChaUetvgtr" Jtejwrt, x60.) 

instances of the two extreme types of the incurrent system, 
connected, nevertheless, by numerous transitions, are famished by the 
genus TetUla on the one hand, and by some species of the genue PlakiiM 
on the other. In TetMa (Fig. 85) the water on passing through the 
dermal pores enters wide sinuses lying in the ectosome immediately 
beneath the dermal membrane, and these spaces can be distinguished 
as subdermal eaviiies from the narrower portions of the incurrent 
canals which traverse the choanosome. The distinction between the 
ectosomal and eboanosomal portions of the-inourrent system is still 
bettw seen in sudi a form as SkUetta phritmu (Fig. 86), where *the 
ineurrent canals proper are more narrowed, and contrast wiUi the 
wider subdermal cavities of the eetosome. 
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The species of PlaJcim^ on the other hand, furnish an interesting 
series of modifications of another type. In Piakina monolopha, as 
we have seen, there is no ectosome (Fig. 61,/). In Piakina dilophu, 
however, the distal extremities of the lobes of the choanosome are 
greatly thickened over their whole outer surface, and coalesce 
with one another to form a thick cortex^ traversed by .the much 
narrowed incurrent canals. There are in this case neither 
dermal membrane nor subdermal cavities, and the ectosomal 


portions of the incurrent system are no wider, and may even be 
narrower, than the choanosomal portions. Piakina trilopha carries 
this state of things even further, the cortical layer being of greater 
thickness, and the incurrent canals further complicated by secondary 
folding of the choanosome. The incurrent canals may widen consider¬ 
ably after traversing the ectosome, to form wide subcortical ciyptSy 
lying in the choanosome, and therefore not homologous with the 
subdermal cavities which, as we _ 

have seen, belong to the ectosome. 

The growth of a cortex, so well 

Plakimif is carried to a high pitch 

sponges, especially in the Tetracti- 

typical corticate sponge the body is 
enclosed in a tough fibrous rind, 
often fortified by special differentia- If 

tions of the skeleton (Fig. 30, />). 1l|^ 

In such forms the incurrent canal lllg 

system may commence with an ||V|I 

arrangement known as a cJume (Fig. llj^H 

87), which may be taken as typifying tf 

the extreme of differentiation under- A nlm 

gone by the incurrent system. The ^ Mb 
dermal pores (ostia) are grouped 
to form pore sieves, and perforate wmwsL 
a thin membrane which roofs over 

a funnel-shaped cavity, termed the s«ctionthn>«gh the cortex of 
ectochone, situated in the cortex, eo«t»/er, SolK. HhowInK the imm-c sieve ovt*r. 

j , i the chone, which coiiiiiuiiiicatcs 

and tneretOre comparable to a sub- Umtugh a aiihiuctmte apeitui'e wiUi the 
dermal cavity. The ectochone 
leads through a narrow aperture. 
surrounded by a contractile **chaiunger" jteiwrt, xth,) 
sphincter, into a spacious sub¬ 
cortical crypt, termed the endochone. From the latter come off 
the inourrent canals {sensu stridiori). 

Although, in the instances described, the subcortical crypt 


the cortex am atormsterH cou- 
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belongs to tlie choanosonie and cannot therefore be compared with 
a suHermal cavity, it would appear that in other cases a cortex 
may be developed simply as a great thickening of the dermal mem¬ 
brane, in which case the subcortical crypts may belong to the 
ectosome and represent subdermal cavities. A cortex is, in fact, 
a structure which can develop in different ways and may not be 
homologous in different sponges. The term “ subcortical crypt is 
to be understood therefore in a descriptive rather than in a 
morphological sense. 

Tlie following table may serve to indicate the homologies of the 
incurrent system in three typical cases:— 


6 



. r 

I 


o 



{ 
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1 

Dermal 1 
Membrane / 

Sulxlennal \ 
Cavity / 


/ IiicuiTent \ 
t Canals / 


2 


Cortex 


( Subcortical 1 
\ Crypt / 


/ IncuriTiit 1 
^ Canals j 


3 

Cortex 


( Subcortical \ 
\ Crypt J 


( Incurrent \ 
t Canals j 


Eticli of the above types of the incnrrent system may be combined 
with different forms of the canal system considered as a whole, 
especially as regards the relations of the chambers to the excurrent 
and incurrent canals. As is plain from what has already been stated 
with regard to the development from a Khagon, the canal system 
of Demospongiae always conforms to what has been termed above 
the third type; but within the limits of this type of structure, it 
may be either eurypylous, aphodal (Fig. 88), or diplodai (Fig. 89). 
Hence the canal system as a whole is liable to very great structural 
variations in the Demospongiae. 

Skeleton ,—The skeleton of the Demospongiae exni bits variations of 
so divergent a character that it is not possible to discuss it in general 
terms. We have to consider first those forms in which the skeleton 
is composed of siliceous spicules, some or all of which are of tetraxon 
type {Tetraxonida); secondly, those which always possess siliceous 
spicules of monaxon form and never tetraxon (Moiuixonida) ; and 
tliirdly, those in which proper spicules— i.e. spicules secret^ by 
the sponge—are absent and the supporting framework is made up 
of spongin fibres alone (Keratosa). 

(a) Tetraxonida ,—The siliceous spicules whicn compose the 
skeleton of the Tetraxonida are divisible into megascleres aAd 
microscleres—two categories which in the order Tetractinellida are 
sharply distinct from one another, differing not only in size and 




rro. wr. 

Diplodal cftnal system in CoHiciun caiult- 
Mbrwi^ 0.8. e, exoiurrent canal; the inoor- 
rent canal is shown on the left*hand slds» 

near its commencement in the cortex. (After 

F. E. Schub^ x900.) 
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Tetraxonida may be considered ideally—that is to say, from a 
purely architectural or geometrical point of view, and without 
prejudice to the question of their actual phylogeny and evolution 
—as modifications of one of two types: {a) the tetraxon type, 
characteristic of the megascleres, though not confined to them; 
and (6) the polyaxon type, only found among the microscleres. 
Strictly spealdng, the tetraxon type itself could be considered as 
a modification of the polyaxon, and has probably been derived 
from it^ but for practical purposes it is best to consider the two 
types separately. 

(a) Tetraxon Type .—^The simplest form of tetraxon spicule has four 
equal and similar rays meeting at equal angles (Fig. 47, d and p). 
Such a spicule is known as a caUhrops^ and though of common 
occurrence, both among megascleres and microscleres, it is far less 
abundant than some of the numerous variations of the regular 
tetraxon form. Departures from the fundamental type are brought 
about, not only as in the Hexactinellida, by unequal growth or 
curvature of the rays, or by the acquisition of secondary spines and 
branches, but also, in contrast to the modifications of the triaxon 
type, by variations in the angles at which the rays meet. 

The simplest modification of the regular totractine is one 
correlated in the first instance with the acquisition by it of a 
definite orientation in the sponge body. One ray, which is directed 
radially and points towards the interior of the sponge, becomes 
differentiated from the three remaining rays, which in their 
turn radiate more or less tangentially from a centre situated 
close to the outer surface of the sponge. In this way arises the 
form of spicule known as the triaene (Fig. 90, A:, I, n), which is 
perhaps more than any other characteristic of the order Tetractinel- 
lida. The radially directed ray of the triaene, which is usually 
longer, but sometimes shorter, than the other three, is termed 
the shaft or rhabdome, and the superficially situated rays are known 
individually as the cladi or prongs, collectively as the cladome. 

The triaene undergoes in its turn numerous modifications, affecting 
every part of it, and giving rise to a series of forms, each denoted by a 
special term. Without attempting to enumerate the many varieties of 
the triaene, it is of interest to consider the variations of the cladi in their 
relations to the rhabdome, both as regax-ds orientation and size. 

In the first place, the three cladi or their axes always meet one another 
at equal angles, but the angles at which they meet the rhabdome may 
vary considerably in different instances, though always the same for each 
cladus in a given spicule. Hence, if a projection be made of the triaene 
in such a way that the shaft is completely foreshortened and seen , 
as a dot, then the axes of the three cladi, or of their main stems, if they 
be branched, will appear to meet one another at equal angles of 180^. 
If the triaene be viewed in profile, on the other hand, so that the shaft 
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and one of the prongs lie in the plane of the field of vision, then the 
angle between shaft and prong may vary greatly. The cladi may be 
directed forwards, t.e. so as to point the opposite way to the shaft (protriaene, 
Fig. 90, 0; or outwards, at right angles to the shaft (orthotriaene. Fig. 
90, n); or even backwards (anatriaene. Fig. 90, k). In other words, each 
cladus may rotate in the plane of the rhabdome, the amount of rotation 
being always the same for each prong of a given triaene. 

In the second place, both the rays of the cladome and the rhabdome 
may vary greatly in size relatively to one another, and any given ray may 
become reduced until it finally disappears altogether. In the cladome the 
process of atrophy, or rather arrest of development, may affect one ray 
(diaene) or two of the rays (monom^), or finally, all three, the result in 
the latter case being a simple monaxon spicule (Fig. 90, j), a form of 
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Types of meKascleres in DemosponKiae. a<4, rhabdi (a, strongyle, h, tylote, e, oxea, <f, 
tylotoxea); e-g^ styli (e, tylostyle, /, style, p, spined tylostyle); A, branched monaxon; j-o, 
modiflcations of the triaene (j, cImI reduced, k, anatriaene, protriaene, m, orthotriaene, n, 
dichotriaene, 0 , centrotriaeiie, p, ainphitriaene, g, crepis of r, rhaodoorepid.desma, a, older and 
fully formed desma. 

common occurrence in the Tetraxonida and known as a rhabdus (diactinal) 
or ityle (monactinal). In cases where all the triaenes are reduced in this 
way, the sponge may be entirely without tetraxon spicules, its Tetractinellid 
affinities ^ing shown only in secondary characters, such as the possession 
of polyaxon microscleres or a cortex, and especially in the radiating arrange¬ 
ment of the large monaxon spicules themselves, an orientation easily 
intelligible on the assumption of their derivation from the rhabdome of a 
triaene. Instances of such forms are well seen in the Pku^tpongidas and 
Tiihyidae. On the other hand, the modification of the triaene may pro¬ 
ceed along a course exactly opposite to that which produces a monaxon, 
the rhabdome becoming atrophied and leaving the three rays of the 
cladome as a triactinal spicule, usually situated close to the outer surface 
of the sponge. 

As aberrant forma of the triaene may be mentioned finally the cases 
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in which the rhabdome is prolonged beyond the cladome {cintrotr%cm$y 
Fig. 90, o\ or hears a cladome at each extremity (amphitriaene^ Fig 90, p\ 
and any of the varieties above mentioned of the tetractinal spicule, triaene, 
or calthrops, may have one or more of its rays forked or branched like a 
crest The spicule is then said to be monolophous, dilophous, trilophous, 
or tetralophous according to the number of rays so affected. When all 
the rays are branched, the spicule may be termed simply a lophoccUthropi 
or loj^riaeM, A special case of the latter is the candelabrum char¬ 
acteristic of the Corticidae, Another common spicule, the diciwtriame 
(Fig. 90, n), has each cladus forked. 

(b) Polyaxon Type .—^The most primitive form of polyaxon spicule 
is a'simple globule or siliceous concretion which, by the acquisition 
of numerous spines or rays, becomes an aster. The latter in its 
turn undergoes numerous imodifications, of which we may note in 
the first place two seriea in one of which the rays meet at a 
common centre (euaster, Fig. 48, m, n), while in the other the rays 
are not centred, but radiate from a longer or shorter axis, usually 
spiral (streptaster^ Fig. 48, d, e). 

Further variation of each of these two sub-types gives rise to a great 
number of forms. We may notice specially certain forms of systematic 
importance, as, for example, the eterraster (Fig. 47, g\ in which an aster 
with numerous rays (in some cases apparently a euaster, in others a 
•treptaster) becomes converted secondarily into a solid spherule by deposits 
of silica between the rays; the epiraster^ a streptaster with a spiral axis 
(Fig. 48, d) ; the amphtaster^ a streptaster with the rays confined to two 
whorls at each end of the axis (Fig. 48, /); the eanidaster (Fig. 48, e); 
and the two modifications of the euaster, termed respectively oxyaster 
and epfioeraeter (Fig. 48, m, n). Of great morphological importance, on 
the other hand, are the variations of the aster produced by reduction of 
the rays (Fig. 48, o, p). Thus a euaster with only four persistent rays 
becomes a microcalthrops (Fig. 48, p) or primitive tetraxon, which, by 
curvature, branching, or ornamentation of the rays, gives rise to a large 
series of microscleres, while increase of size makes it the starting-point 
of the evolution, wholly or in part, of the megascleres. By a further 
reduction of the rays of the euaster to two placed in the same straight 
line, or, it may be, by suppression of the spines and elon^tion of the 
axis, in a streptaster, we obtain a minute monaxon or mtcrmiuibdu$y itself 
the ancestor, so to speak, of many forms of microscleres, and perhaps of 
megascleres; of the fonner, the sigmaspire (Fig. 48, a, 5), perhaps 
derived immediately from a spiraster by suppression of the rays, deserves 
special mention. 

Secondary SpicuUs or Demos .—^There remain for consideration 
the remarkable megascleres known as desmas (** clones,” Banff), 
characteristic at the sub-order lithistida. Each desma is formed 
typically by secondary deposits of silica upon a true spicule termed 
the erepis or foundation, which undergoes an arrest of development 
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The crepis may be a minute calthrops, or a rhabdus, or, finally, may 
be atrophied completely; thus tetracrepid^ mmocrqridf and aerepid 
desmas may be distinguished. The layers of silica deposited are at 
first concentric with the crepis, but subsequently grow out into 
irregular branches and tubercles, which are quite independent of it. 
In this way a secondary skeletal element of complicated and often 
quite irregular form is produced (Fig. 47, /; Fig. 90, g, r, s). 

Phytogeny of the Spicules ,—Enough has been said to indicate the 
probable origin of the primitive tetraxon from the polyaxon aster or 
globule, and hence the origin of all megascleres from the microscleres. 
The regular tetraxon type of spicule represents an adaptation to the 
structure of a primitive Rhagon-like ancestor, in which, by folding of the 
walls, numerous spherical ciliated chambers lie embedded in a parenchyma¬ 
tous tissue (Schulze). When in such a form, the chambers are as closely 
packed as possible ; each chamber is in contact with three others, and 
the tetraxon spicule fits exactly into the interspaces between four con¬ 
tiguous chambers. 

The evolution of many of the forms of spicules is difl&cult to follow 
in detail, since in many cases more than one origin is possible for them, 
and not enough is known to determine with certainty which was the 
actual course of the phylogeny, which may indeed have proceeded along 
more than one direction. Thus in the case of the characteristic triaenes: 
while, on the one hand, a general comparative survey of their morphology 
and systematic relations rather indicates an origin for them from the 
primitive tetraxon calthrops, correlated with the acquisition by the sponge 
of a distinct cortex ; on the other hand, their ontogeny, so far as it is 
known, and also the existence of certain forms such as the mesotriaene 
and amphitriaene, favours the view that they have originated by branch¬ 
ing of a large monaxon rhabdus (Sollas). Conversely, a double origin is 
possible for the monaxon megascleres, either by reduction from a triaene, 
or, by increase of size, from a microrhabdus, derived in its turn from 
reduction of an aster or a calthrops. 

The following scheme may serve to indicate the different courses of 
phylogeny which are possible:— 

Primitive ^ euaster calthrops triaene 

Globule f 4' 'I' ^ 

or Concretion J -> streptaster microrhabd. maororhabd. 

Arrangement of the Spieuies in the Skeleton ,—^By the arrangement 
of the megascleres two types of skeleton can be distinguished in the 
order Tetractinellida: the irregular^ seen in the lithistida, and a few 
Choristida; and the radiate type (Fig. 91), characteristic of the vast 
migority of Choristida. Even in the former type, however, all 
triaenes when present near the surface have the rhabdome directed 
towards the centre, and to this extent exhibit a radiate structure. 

In most, if not all, Choristida the young sponge has a radiate structure 
when still quite small, the spicules being arranged in sheaves between 
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the incurrent folds of the canal system, with their main shafts reaching 
from the centre to the periphery (Fig. 91). Daring subsequent growth 

the new spicules, which are 
formed after the sponge has ex* 
ceeded a certain size, may in a 
few instances be disposed irregu¬ 
larly, so that the full-grown 
sponge exhibits no trace of the 
i^iating arrangement, except 
perhaps close to the outer sur¬ 
face ; most usually, however, the 
spicules formed later retain the 
radial arrangement, so that the 
spicule sheaves of the earlier 
stage are converted into fibres 
radiating from the centre to the 
periphery, often with a pro¬ 
nounced spiral twist. 

The surface of the sponge 

Mode of arrani feuient of spicules in a young may become “ hispid ” by the 
8tjiiettid.ponge,5m(naas(m^ (After projection of radially arranged 

spicules beyond the limiting 
epithelium of the body wall, and the “ hispidating ’ spicules may be 
specially differentiated to form protecting fringes round the openings 
of the oscula and incurrent canals, or to furnish a root tuft similar 
to that of some Hexactinellida. A characteristic feature of Tetracti- 
nellids is the differentiation of a special cortex, which may have 
a skeleton distinct from that of the pulp, both as regards arrange¬ 
ment and composition (cf. Fig. 87). Finally, in those forms in 
which there is an elongated oscular tube, it is supported by a 
palisade of special spicules forming a cloacal skeleton. 

The microscleres are found scattered in the parenchyma, and 
may be sharply differentiated in the two regions of the body, cortex, 
and pulp. 

Unicn of the Spicules .—Spongin is said to be present in 
minute quantities in some forms, but it never has any appreciable 
importance,^ and is practically absent^ as also any other form of 
special cementing substance. The spicules are held together by 
interlocking and by the fibrous cortex. In Ghoristida they fall 
apart when macera^. In the Lithistida, however, the complicated 
desmas interlock by xneans of the tubercles or their branches to 
form a compact skeletal framework which imparts to the sponge a 

* with the axoeptiim of 2%m<MKK, which it dtterihed at having a tkeleUm of 
tpongin flbrtt radiathig upwirdt from the bate. Each fibre it **vemioote," hetog 
composed of nodulet of tpongin agglomerated together, and contains no foreign bodies 
(TopMiit). Moiw evidence seems to be needed at to the tme nature of the fibres in 
question. 




SPONGES 


137 


stony hardness. This mode of union of the spicules is termed 
“ zygosis.” 

(jS) Monaxonida ,—^The skeleton of the Monaxonida is composed 
of siliceous spicules, to which may be added a greater or less 
amount of spongin. The function of the latter is, in the first in¬ 
stance, that of a special cement, which glues the spicules together, 
but it may be present in such quantities that it forms the greater 
part of the skeleton, especially in forms whose habitat exposes them 
to severe stresses and strains from waves and currents (Keller). 
Hence the spicules are thrown more and more into the background, 
and tend to become reduced and rudimentary. In any case, the 
spicules of Monaxonida are, as a general rule, smaller relatively to 
the size of the sponge than is the case in Hexactinellids and 
Tetractinellids, and in order to support the sponge adequately, 
they tend to become united to form more or less definite tracts of 
fibres, a type of skeleton which has the further advantage of pos¬ 
sessing the flexibility and elasticity essential to a shore life. 

The formation of a skeletal framework by union of spicules, 
permits of a sharp distinction being drawn, as a rule, between 
megascleres and microscleres, since the former enter into the com¬ 
position of the body skeleton (skeletal spicules), while the latter 
are scattered in the tissues (flesh spicules). In some cases, how¬ 
ever, the distinction is one of degree and scarcely tenable, as in the 
Spongillinae, In many cases microscleres may be wanting entirely. 

Forms of Spicules ,—All spicules in this group are either of the 
monaxon type, or in a few cases among the microscleres, polyaxon. 
Since, however, monaxon spicules are of frequent occurrence in 
other groups as reductions of triaxon and tetraxon types, it is not 
so much the presence of monaxons, as the absence of other types, 
which specially characterise the Monaxonida. 

(a) The megascleres are always monaxon, and their variations, 
though numerous, are within a small compass. The most import¬ 
ant distinction that can be drawn depends upon the spicule ^ing 
monactinal (styli. Fig. 90, /, g\ or diactinal (rbabdi. Fig. 90, a4). 

In the former case, the slight swelling in the axial thread that 
marks the starting-point of the growth is near one extremity, 
which may be termed the proximal end of the spicule; in the 
latter case, it is near the middle of the shaft. Monactinal spicules 
always have the two ends unlike, the proximal end being rounded 
off abruptly, and often knobbed (‘* tylostyle ”). Diactinal spicules, 
on the other hand, usually have the two extremities similar. 

Other variations in the monaxon spicule, apart from fluctuations of 
size, depend on whether the shaft is smooth or spined, straight or curved, 
or whether the extremities are sharp (** oxeote”)> blunt (^tomote”X 
rounded (^<strongylote”X knobbed (**tylote^), or, in rare cases, branched. 
The branching is probably duo, in most cases, to the development of 
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•pines, which are restricted to the termination of tl\e shaft, and in some 
cases assume the character of a grapnel (Protdeia^ Acamui), In the 
interesting genus Trikentrion, however, the spicules which echinate the 
skeletal fibres (see below) are branched at their inner end so as to have 
two, three, or even four roots by which they are attached to the skeletal 
fibre, and the branching here affects the axial thread, producing some¬ 
times an imitation, as it were, of a tetraxon spicule (Fig. 90, A). 

(() The mxcroscleres, though usually monaxon, exhibit a wider range of 
variation than is to be found amongst the megascleres, owing to their 
being usually strongly curved or provided with prominent hooks or 
spinea In this way arise certain constant forms, often of great system¬ 
atic importance, such as the sigma (Fig. 48, a, 6, g\ the toxa, the chela 
(Fig. 48, h\ specially characteristic of the family Poedloscleridoey and the 
peculiar amphviiscs, developed in connection with the gemmules of some 
Spongillinae (Fig. 56, amph). 

Of the polyaxon type, both streptaeters and euasters are met with, 
the latter form being, however, of rather exceptional occurrence. It is 
extremely probable, moreover, that, with few exceptions, the streptaster, 
when found in this group, represents a minute spined rhabdus, in which 
the shaft has become shortened and the spines lengthened, and should 
therefore be regarded as of the monaxon, rather than of the polyaxon 
type. Spined rhabdi are of common occurrence as microscleres, and in 
the Spongillinae they seem to be of caenogenetic origin and derived from 
megascleres. The euastcr would appear, in at least one family (Axinel- 
lidae, to represent a further step in the reduction of a monaxon strept¬ 
aster. In the other coses, where euasters occur (e.g. Tethyulae), the true 
affinities of the sponges that possess them are shown by various secondary 
characters to be with the Tetractinellida rather than with the typical 
Monaxonida, and the spicules in question may in such forms be regarded 
as primary euasters of the true polyaxon type, derived from a Tetraxonid 
ancestor which has recently lost its tetraxon spicules. 

Union of (he Spicules and their Airangement in the Fibres ,— 
Secondary siliceous deposits, for the purpose of uniting the spicules 
into a framework, are unknown in this group, though in the 
SpongiUinae peculiar spicular systems of branching form, due to the 
fiiision of several independent monaxons, are of common occurrence 
as an abnormality or variation which may become so frequent that 
in some cases it must be considered as a normal feature of certain 
species (Evans, 1899). 

Union between the spicules is effected either by means of 
fibrous tissue or by spoogin. A well-marked series of gradations can 
be made out in this respect In the most primitive types the 
spicules are held together, if at all, by fibre cells. In the next 
stage there are to be found amongst ^e fibre cells a certain number 
of glandular cells (*^ spongoblasts ”), derived from the external 
epithelium (see above, p. 46), wldch become included in*the 
growing fibres and secrete spongin. Next the number of sponge- 




SPONGES 


139 


blasts, and consequently the amount of spongin, increases pari 
pasm with a decrease in the number of fibre cells, which tend to be 
placed externally to the spongoblasts (cf. Fig. 92, B). Finally, 

the spicules become wholly enveloped in spongin, the result being 
a fibre of spongin containing a core of spicules, the whole enveloped 
in a fibrous sheath (Fig. 92, (7). A still further stage, in which the 



Fio. 02. 


The evolution of a spongin skeleton as seen in types of Renieriiiae and Chalininae and in 
Ku$pongia, A, skeletal framework of lieniera; By of Paehychalina; C, of Chdlina; Dy of 
Rutpoviia, tpy Npiculee; spongin; m/, main fibres ; cjy connecting fibres; lyip/, spongin 
fibres; eoa, conufus. 

spicules in the interior of the fibres atrophy and disappear (Fig. 92, 
produces a type of sponge skeleton which can only be dis¬ 
tinguished from that of the Keratosa by arbitrary definitions 
(presence or absence of spicules outside the fibres). The place of 
the spicules is taken in many cases by sand grains or foreign 
particles of various kinds. 

There can, in fact, be found in the Monaxonida every possible 
stage required for the phylogeny of the true horny sponges 

12 
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(Dictyoceratiua)—an evolution which has probably taken place in 
more than one family of Haiiehondrina, 

When distinct skeletal tibres are present, they are built up of spicules 
according to one of three distinct patterns or types, which have been 
named from the families or sub-families which they characterise. 

(1) In the Renierine or Chalinine type the fibre is made up of 
spicules, all of which lie parallel to the direction of the fibre. The 
spicules may be arranged in a single series, end to end, or in more than 
one such series (Fig. 92, A-C^ and Fig. 93, A), 

(2) In the Axinellid type each component spicule is inclined at a 
variable, hut usually acute, angle to the axis of the fibre, giving it a 

feathery or “ plumose appear¬ 
ance. The spicules so placed 
are said to echinate ** the fibre 
(Fig. 93, R). 

(3) The Ectyonine type of 
fibre combines the peculiarities 
of the other two types, since it 
is made up of a core of parallel 
spicules covered by a superficial 
layer of echinating spicules, 
wliich are very rarely similar 
to those occupying the axis 
(Fig. 93, C), 

Arrangement of tJie Skeleton 
at Large, —In the more typical 
Halichondrina the skeletal 
fibres h^ve a reticulate arrange¬ 
ment, in which primary fibres, running vertically towards the sur¬ 
face of the sponge, can often be distinguished from secondary fibres 
crossing them at right angles (Fig. 93, A, R, and C), In the Suberitidae 
and many Clavulina, and to some extent in the Axinellidae^ the fibres 
have a more radiate arrangement, running fi-om a centre or axis to the 
surface without any crossing fibres. 

In most Monaxonida, whatever the general arrangement of the 
skeleton may be, a dermal skeleton can usually be distinguished from a 
main skeleton. In other respects, however, the skeleton shows very little 
specialisation in different regions. A root tuft is never present. 

(y) Kmitom, —In the horny sponges the skeleton consists of 
fibres of spongin, which in one instance, Darwinella^ are found 
combined with isolated spicules of the same substance. 

The spongin tibres of Keratosa consist typically of two portions, 
a softer and more granular medullary substance, occupying the axis, 
surrounded by concentric coats or lamellae of true spongin, forming 
the cortical substance. According to the proportions of these two 
constituent two types of fibres are conveniently distinguished. 
In the solid or homogeneous fibres, the axial substance is very small 



Fio. H8. 

Typti'H of rtkelfitat tibnt in the Monaxonida. 
Renierine or Chalinine tyiie; li, Axinellid type; 
Ectyonitie type. 


SPONGES 


141 


in amount, and possibly absent altogether in some cases. In the 
hollow or hetei'ogeneoiLS fibres, on the other hand, the medullary 
substance is largely developed, making up often the bulk of the 
fibril, but relatively leas abundant in the older fibres than in the 
younger. 

In form the spongin fibres are usually cylindrical, but may be 
slightly compressed and even flattened or leaf-like in places 
(DendiUla), The growing portions of the spongin fibre are 
enveloped in a sheath or ** mantle ” of spongoblast cells, of columnar 
epithelial form, which appear to deposit concentric layers of spongin, 
as a cuticular secretion, upon the surface of the fibre. Many 
details of the growth remain, however, obscure and in need of 
further investigation, especially as regards the origin of the 
medullary substance.^ 

When the fibres have attained their definitive growth, the 
spongoblasts seem to disappear, perhaps becoming converted into 
connective tissue cells. 

As regards the arrangement of sj^ongin fibres to form the 
skeleton as a whole, two types can be distinguished, the reticvlate 
and the dendritic. In the reticulate type the skeleton is made up 
of a continuous network of anastomosing fibres, in which pnncipal 
and connecting fibres can be distinguished. The former (Fig. 92, Z>, 
m,f) run vertically upwards to the surface and raise it up into 
little tent-like projections or comuli. The connecting fibres take 
a more horizontal course. In the dendritic type, characteristic of the 
family Aphjsillidae, the skeleton consists of heterogeneous fibres which 
grow upwards like a tree from a basal plate of spongin, branching 
freely, but remaining distinct from one another. The terminal 
branches raise the skin into cenulL In the genus Darwinella a 
skeleton of this kind is found combined with separate spicules of 
spongin having the same structure as the fibres of the skeleton. 
The spicules in question are of variable form, but in many cases 
distinctly of a six-rayed or triaxon type; the rays vary, however, 
from two or three to as many as eight, and the angles at which 
they meet are irregular and inconstant. Nothing is known 
regarding their origin and formation. 

The property possessed by many sponges of taking up foreign 
bodies into their fibres has already been noticed (p. 42). In the 

^ According to Lendcufeld. whose results require coutiriuation, the medullary 
subatauce in Ifendrilla owes its origin to cells deriveil from the spongoblast layer, 
which become included iu tlie fibre at its growing point. The fhnctiou of these cells 
is supposed to be the production of medullary substance by destruction and modi¬ 
fication of the layers of cortical spongin secreted by the enveloping spongoblasts, and 
they are hence termed by Lendeufeld ** spongoclasts,” on the analogy of the marrow 
cells or osteoclasts of Vertebrata. Cells are also stated to occur in the horny fibres 
of the genus IwU/tdlOf but in this esae they are found between the spongin lamellae 
of the cortical layer, and not at all in the medullary substance. In no other cases 
have cells been obMrved in the interior of the fibres. 
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Keratosa, included foreign bodies are always absent in the fibres 
of the dendritic type of skeleton; on the other hand, they are 
commonly present in the fibres of the reticulate type, a difference 
perhaps due, as already suggested above (p. 43), to the fact that 
the former grow originally from the base of the sponge, while the 
latter, on the contrary, have, from the first, their growing points at, 
or near, the upper surface of the sponge body. As regards the 
amount of foreign bodies taken up by different sponges, a complete 
series of gradations can be traced. Starting from forms which, like 
the common bath sponge, have no foreign bodies at all, or only a 
few, in their principal fibres, we find others in which the amount 
contained in the principal fibres is greatly increased, the connecting 
fibres, however, still being free from them; in others again, both 
principal and connecting fibres are loaded with foreign bodies 
(Fig. 94). Finally, the whole skeleton appears to be made up ot 
sand grains and similar particles, between which the spongin can 
scarcely be made out. In fact, in many of these so-called arenaceous 
sponges the presence of any spongin at all in the skeleton is 
disputed. 

Tliua in Psdmmopemma^ an extreme type, the skeleton is made up of 
isolated sand grains, which are stated to be coated each by a thin cuticle 
(Marshall) composed of spongin (Polejaelt), and to be united one to another 
by thin strands of the same substance (Lendenfeld). Haeckel, however, 
denies the existence of any spongin connecting the sand grains, and has 
founded a new family, Psamminidae^ characterised by a skeleton of 
foreign bodies without any spongin, for the genus Psammopemtna and its 
allies. 

Two aberrant types of spongin skeleton have been described by 
Haeckel (1889). In his genus Cerelmma, placed by him amongst the 
Spontjeliidae, the skeleton is described as consisting of thin spongin 
lamellae, which branch and anastomose to form a reticular framework. 
In the meshes of the skeleton are lodged numerous foreign bodies, each 
as a rule enveloped in a thin coating of spongin. In Haeckel’s family 
SUmntmMae the skeleton is said to be composed of thin fibrillae of 
spongin, which may branch but do not anastomose, and between which 
numerous foreign bodies lie in the gelatinous ground substance. Grave 
doubts attach, however, to the nature both of Cerelatmt and the 
Stantiomidue, and it is very probable that they are not sponges at all 
(see p. 154). 

There remain for mention, finally, the peculiar Jilament$ found in 
certain genera (Hircinia, SUloipovgtiSf etc.), combined with a spongin 
skeleton of the ordinary type. E^h filament is a long slender twisted 
thread, slightly thicker in the middle than towards the extremities, an<l 
terminating at each end in a knob. The form has been aptly coin* 
pared to that of an ordinary skipping-rope, with pear-shaped handles. 
Each filament has a thin sheath enclosing a softer medulla, traversed 
from end to end by an axial thread. The greatest uncertainty prevoiU 
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as to the true nature of these structures. Their chemical nature has 
been shown to be different Irom that of spongin (Schulze); but while 
some authors are inclined to regard them as foreign to the sponge, and 
probably organisms of a symbiotib or parasitic nature, others consider 
them as true products of the sponge tissues. Haeckel, amongst the latter, 



Fill. w. 

Spongin fibres of Sponffelia awm, loadeil with foreign particles, pr./, princiiml fibre; 
conn./, connecting fibre. (After F. B. Scliulze.) 

compares them with the fibrilloe of Stannomidae^ while Fol professes to 
trace their origin to fusiform cells of the connective tissue layer, and 
considers that the family FHifercbt (0. Schmidt) should be reinstated for 
the horny sponges characterised by the possession of filaments. Loiscl 
suggests that they are intracellular spongin filaments of the same nature 
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as the elastic fibrillae described by him in lUniera, The question cannot 
at present be decided. 

Phytogeny of Keratose Skeletone, —In dealing with the Monaxonida, the 
evolution of the pure spongin hbre, by gradual increase of the spongin and 
atrophy of the spicules in the skeletal fibres of that group, has already 
been traced (see above, p. 139). It is highly probable not only that most 
Keratose skeletons have so originated, but that the evolution of spongin 
fibres has taken place in this way more than ODce in different families of 
Monaxonida independently. On the other hand, it is not improbable that 
the dendritic fibres of the Aplyeillidae may have originated in a different 
way, which, however, it is not possible to indicate satisfactorily at present 

After loss of the spicules, many sponges have acquired the habit of 
taking up foreign bodies into their fibres, a habit which reaches its 
extreme in the arenaceous Spongelitdae, Should some of these forms 
prove to be really devoid of spongin, an interesting speculation is opened 
up as to how far such a condition is the culminating point in an evolution 
which proceeds by diminution and ultimate loss of spongin ; or whether 
it is a more primitive state of things, spongin never having been present. 

Histology. —As has been already remarked, the Demospongiae attain 
to a higher degree of histological differentiation than either the Calcarea 
or the Hexactinellida ; while in the two latter classes we can scarcely 
recognise more than the six categories of cells indicated by Roman numerals 
in the table given above (p. 62), in the Demospongiae each of these cell- 
species may be further differentiated into the several cell-varieties indicated 
in our table by Arabic numerals. Since these maffy Cp^ms of cells have 
already been fully described above, we need not further discuss them 
here. It should, however, be pointed out that our knowledge of the 
histology of Demospongiae is still in a very backward condition, and that 
it is extremely difficult to refer with certainty the numerous forme of cells 
to their proper position in a phylogenetic classification of the histological 
elements. Amongst the authors who have especially contributed to our 
knowledge of these questions in recent years, Topsent deserves especial 
mention as having been the first to show the connection of the myocytes 
and the epithelium, and also as having demonstrated the existence in all 
Demospongiae of cellules sphAruleuses, The latter are almost certainly 
homologous, as pointed out above, with the porocytes of Calcarea, although 
their connection with pores has not yet been demonstrated and may not 
exist. In support of this conclusion, reference may be made to the recent 
investigations of Loisel, above described. 

Embryology. —The structure and metamorphosis of the larvae of 
Demospongiae has been dealt with above at sufficient length. We may 
refer, however, to two points of interest The first is the striking fact 
that in the whole group of Tetractinellida, comprising as it does many 
ibundant shore forms, no larvae are as yet known. The second is the 
occurrence, in the larvae of Monaxonida, of diagnostic characters corre¬ 
sponding to the systematic position of the adult sponges (Maas). Thqs 
in Haploscleridae the larva has a pigmented ring at the posterior pole, the 
pigment being chiefiy lodged in a circle of larger fiagellated cells, which 
bear flagella of a special type, and mark the posterior limit of the 
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ilagellated layer. In the families PoecUmleridae and Axinellidde there is 
no such ring of special flagellated cells, and the whole flagellated layer 
is pigmented, while the exposed portion of the inner mass is unpigmented. 
This may be compared to the way in which the families Clathrinidae and 
Leucosclmiid^ amongst Ascons, are characterised by the possession of 
parenchymula and amphiblastula larvae respectively. 

Classificatim. —The subdivision of the class Demosp&iiguce is a 
matter of great difficulty, and one upon which little agreement is 
to be found amongst the authorities; not because the mutual affini¬ 
ties of the various forms comprised in this group are not clear, but 
on account of the very frequent occurrence of convergent evolution 
and parallel adaptations. The characters which can most con¬ 
veniently be used for defining and delimiting systematic groups, 
and above all, the characters of the skeleton, have not always a uni¬ 
form origin, and therefore do not indicate natural relationships. 
It may, indeed, be said that at present, at any rate, it is not 
possible to construct a system which shall be at once strictly logical 
and perfectly natural The most obvious and simple classification 
is into four grades, characterised respectively (1) by the possession 
of tetraxon spicules, (2) by monaxon spicules, without tetraxons, 
(3) by a horny skeleton, without siliceous spicules, and (4) by the 
absence of a skeleton of any kind. If these four groups are to have 
any pretence to being natural, however, it is absolutely necessary 
to overstep in every case the limits imposed by rigidly logical 
definitions. Thus in the first sub-class, Tetraxonida, it is necessary 
to include such forms as Placospongidae and Chondrosidae which lack 
tetraxon spicules and sometimes even spicules of any kind, but 
whose affinities with the other families of the sub-class are indicated 
by a number of secondary characters. In the Monaxonida we have 
three sub-orders which are less closely allied to one another than to 
forms outside the group, and the same must be said of the two 
orders of Keratosa. The climax is reached, however, when we come 
to the so-called Myxospongiae, forms devoid of a skeleton. In the 
first place, we have to remove Chondrosia, which, as has been said, 
is undoubtedly a degenerate Tetraxonid. Of those that remain, 
Omrella is certainly a very close ally of Plakina, among the Tetrax- 
anidOf while HexaddhL, and probably also Halisarca^ seem to have 
close affinities with the Dendroceraiina amongst the horny sponges. 
So long, however, as it is by no means certain, in the case of these 
forms, whether their lack of a skeleton is due to degeneration, or 
represents, as seems more probable, a primitive feature, and until 
there is more evidence bearing upon this point, the genera in ques¬ 
tion, in spite of their divergent affinities, may well left as a sub* 
class together, as representing, perhaps, a more primitive grade 
of organisation than any other Demospongiae. It is inevitable 
that any system at present proposed should be more or less of a 




146 


SPONGES 


compromise between logical necessities and natural affinities. It is 
hoped that the classification here adopted represents such a com¬ 
promise in which the disturbance of the true relationships is reduced 
to the unavoidable minimum. 

The following scheme represents the four main sub-classes and 
their principal orders. By means of brackets placed on the right, 
the (perhaps) more natural affinities of the sub-groups are indicated:— 

CLASS DEMOSPONGIAE (Soll.) 

Grade I. Tetraxonida (Ldf.) 

Order 1. Oamosa (Crtr.), Tops. 

„ 2. Tetractinellida (Marshall). 

Grade II. Monaxonida (R. and D.) 

Order 3. Hadromerina (Tops.) 

Sub-Order 1. Aciculina (Tops.) 

Sub-Order 2. Olavulina (Vosm.) 

Order 4. Halichondrina (Vosm.) 

Grade III. Keratosa. 

Order 5. Dictyoceratina. 

„ 6. Dendroceratina. 

Grade IV. Myxosponoida (Soil.) 

Family 1. Halisarcidae (O.S.) 

„ 2. Oscarellidae (Ldf). 

DETAILED CLASSIFICATION OF THE DEMOSPONGIAE. 

Grade I. Tetraxonida. 

Demospongiae typically with tetraxon spicules. 

Order 1. Oamosa (Crtr.\ Tops, emtnd. 

TetraxonidaVitli the spicules greatly reduced in size, and even want* 
ing; no diactinal iiiegascleres or triaenes with long rhabdomes. 

SOB-OROBR 1. tMiCROTRIAENOSA, TopS. 

The characteristic spicules are triaenes with short rhabdomes, not 
specially differentiated in the ectosome or the choanosome, and often 
varioudy ornamented or of aberrant types (amphitriamei^ ms$otr%a§H§$f 
etc.); microscleres of various kinda A Heterogeneous collection of 
sponges, of diverse affinities: ^^chainons de chaines bris^es, d4riv^ sans 
interm^iaires connus (Topsent). Not divided into familiea Qenersr— 

t Recent and fossU. 
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^DereiiuSy Gray [Cret.]; Coriicdla^ Soli.; Ehaehellaj SolL; Thrtmbui^ 
SolL; Samusy Gray; *D%triaenella^ Hinde and Holmes [Eoc.]. 

Sub-Obdjbr 2. Microbclerofhora, SolL 

With tetraxon spicules of small size, comparable to microscleres. 

Family 1. fCoRTiciDAS, Vosm. With dense sarcenchymatous clioano- 
Bome and tough chondrenchymatous ectosome; spicules microcalthrops 
and candelabra, the latter localised at the surface of the body. Genus— 
iCorticiumf O.S. [Eoc.]. Family 2. Plakinidae, F.E.S. Choanosome of 
loose, lacunar structure, collenchymatous; the chondrenchymatous ectosome 
scarcely or not at all developed; spicules microcalthrops and their 
derivatives, either by reduction (triactines, rhabdi). or by complication 
(branching of the rays). Genera— ^Pldkina^ F.E.S. [iSoc,]; PlaeartUj F.E.S.; 
Plakinastrella^ F.E.S.; Plakinolapha^ Tops. (Here Oscartlla finds its 
nearest allies.) 

Sub-Order 3. Oliqosilicina, Vosm. 

Corticate sponges without tetraxon spicules; siliceous skeleton reduced 
to polyaxon microscleres (Chondrilla) or wanting entirely. Family— 
Chondrosidae, F.KS. ; Genera— Ghondrosia^ Ndo.; Chondrilla^ O.S.; 
Thymosia^ Tops. 

Order 2. Tetractinellida (Marshall), Topsent, 1894. 

Tetraxonida typically with triaene megascleres, or with desmas. 

Sub-Order 1. Choristida, SolL 

No desmas; spicules never articulated to form a coherent skeletoiL 

Tribe 1. Sigmatophora, Sollas. 

The microsclere when present is a sigmaspire. 

Family 1. Tetillidae, SolL With protriaenes, always present, and 
sigmaspires, often wanting. Genera— Tetilla^ O.S.; Chrotella^ Soil., 
Cinaehyray SolL; Cranxella^ O.S.; TethyopsiUa^ Ld£ 

Tribe 2. Astrophora, SolL 

One or more of the microscleres is an aster. 

Demus a— Strq>ta$trosa, SolL One of the microscleres is a spiraster 
or, when this is not the case, one of the megasderes is a calthrops. ; 

Family 2. Theneidae, SolL Megascleres, triaenes; microscleres, 
spirasters, and amphiasters ; the ectosome does not form a cortex ; ground 
substance collench 3 rmatous; canal system eurypyloua Genus— 

Gray [Cret], (Fig. 24). Family 3. tPACHASTRSLLiDAE, Crtr. Megascleres, 
calthrops, and r^bdi; microscleres, spirastets, and microrhabdL Genera 
— iPachaatreUa^ O.S. [Garb. Cret Eoc.]; CaUhropeUa^ SolL ; Characella^ 
SolL; Poecilladray Soil; Sphinctrella^ O.S.; \Tr^tolmMu^ SolL [Eoa} 

Demus )9— Euaitroio^ ^IL Euasters always present, never qpirasteia 
or sterrasters; triaenes, but never calthrops amongst the megasclerea 


Fossil forms. 
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Family 4. Stbllettidae, Soli Megasckres, triaenea, and rhabdi; 
canal system aphodal; ground substance of choanosoine sarcenchymatoua 
Sub-Family (a). Homasterika, Soil. Never more than one form of aster. 
Qenera— MfnoAtra^ Soil; Pilochrota^ Soil Sub-Family (6). fEuASTB- 
RINA, Soil With two kinds of euasters. Genera —Anthastraj Soil; 
*Geod%te8, Crtr.[Cret Eoc.]; fStelUttOj O.S. [Cret Eoc.]; Dragmcatra^ Soli. 
Sub-Family (c). Sanioasterina, Soil Witli euasters and sanidasters or 
amphiasters. Genera— Ancoriim^ O.S.; Trihrachiorij Welt (Fig. 25); 
iTeikyoptiSy Stew. [Cret]; Disyringay Soil (Fig. 26); Stryphnusy Soil; 
Seiriolay Han.; Sanidastrellay Tops. Sub-Family (d). Rhabdasterina, 
Soil. With euasters and microrhabdi Genera — Ecionenuty Bwk.; 
Papyrulay O.S.; Psammastray Soil; PenareSy Gray ; Algoly Soil 

Demus y—SterrastrosHy Soil The characteristic microscleiv a sterr- 
aster. 

Family 5. IGeodidae, Gray. With triaenes. Sub-Family (a). 
tERYLiNA, Soil Megascleres, orthotriaenes, and rhabdi, never ana- 
triaenes or protriaenes; somal niicrosclere a inicrorhalxliis or spherule. 
Genera— \EryluSy Gray [Eoc.]; CaminuSy O.S.; PachymatiamUy Bwk. 
Sub-Family (b). tGEODiNA, Soil. Megascleres rhabdi, orthotriaenes, or 
dichotriaenes, frequently also protriaenes and anatriaenes. Somal micro- 
sclere, an aster with numerous rays. Genera— Cydoniumy Flem.; tGcodia, 
Lam. [Cret]; Synops, Vosm.; Isopsy Soil. Family 6. fPLACOSPONOiDAE, 
Gray. Megascleres pin-shaped monaxons (“ tylostyles ”), no triaenes. 
Genera —Placoepongtay Gray ; AntareSy Soil ; Physcaphoray Han. ; *Rhax- 
ella, Hinde [Jur.]. 

Genus incerti sedis — ^Ophirhaphidiiesy Crtr. [Cret.]. 

Sub-Order 2. Lithistida, O.S. 

Tetractinellida with a rigid skeleton, due to interlocking of special 
(secondary) spicules, desmas. 

The classification which follows is that of Sollas, founded upon a study 
of the living forma. In addition there are numerous fossil forms, not 
Buihciently well characterised to be assigned a definite place in this 
system, such as the family Rhizomorina of Zittel, which should be divided 
amongst the two families Corallistidae and Azoricidae; these will be found 
appended at the end of the system. The new groups and families created 
by Rauff, whose studies are not yet complete, are indicated in square 
brackets in their proper placea 

Tribe 1. Hoplophora, Soil. 

With special ectosomr.! spicules and i^sually some form of microscleres. 

Demus a —f Tria^ota, Soil The ectosome contains megascleres, 
typically triaenes, sometimes, however, monaxons (styles-p-Demant^ulae; 
rhabdi-^ttlMMfrella); canal system aphodal 

Family 1. fTETBAOLADiDAB, Z. With tetracrepid desfnas and miero- 
sderea Genera—flTieonella, Gray [Eoc.]; fDucodemMy Boa [Eoa]; 
Saeodiicvdap Z.; ITaltapstf, Bwk.; Neariphonioy Soil; Rirndhy (X8.; 
OoUiiiUUay O.S. (Fig. 28, ; Suleoitrellay O.S. ; ^PhymateUoy Z. [Cret]; 

^Aulaainia, Z. [Cret] ; *Callapegmay Z. [Cret] ; "^Traehytyeony Z. [Cret] ; 
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*8tph(miay Park. [Cret], (Fig. 27); *Jerea, Lamx. [Cret]; *Polyjerea^ 
From. [Cret]; ^Bohtpongia^ Hinde [Cret]; ^Astrocladia, Z. [Cret]; 
*Theco9iphonia^ Z. [Cret]; *Calymmatina^ Z. [Cret]; *Turonia^ Midi. 
[Cret]; *Kalpinella^ Hinde [Cret]; *Thamnospongiay Hinde [Cret]; 
*Pholidocladiay Hinde [Cret]; *Ragadiniay Z. [Cret]; *Plinthosella, Z. 
[Cret]; *Phymaplectia, Hinde [Cret]; *Rhopalo8pongiay Hinde [Cret]; 
*Sp(mgodi8cu8y Z. [Cret]; *Siuckenbergia^ Tschern. [Carb.]. [Family 
Archaeosgyphii^ae, Rauff]; ^Archaeoscypkia^ Hinde [Cambr.]. [Family 
Chiastoclonellidae, Raiitl^; *Chiastoclonella^ Rff. [SiL} 

[Sub-Tribe Onchocladinae, Raiiflf.]. [Family Aulocopidab, Rauff]; 
^Au^ocopium, Oswald [Sil.]; *Dendroclonellay Rff. [SiL], 

Family 2. Desmanthidae, Topa With tetracrepid desmas of one 
kind, either monocrepid or tetracrepid ; no microscleres; the ectosomal 
megascleres inonactinal, rendering the outer surface hispid. Genera— 
DesmanthuB^ Topa ; Monocrepidium^ Topa Family 3. fCoRALLiSTiDAE, 
Soil. [ = Rhizomorina, Z., pars]. The desmas monocrepid and tuber- 
culate. Genera— jCorallutes, O.S. [Eoc.]; Macandre^viay Gray; Dae- 
dalopelta, Soil.; Heterophymia^ Pom.; Callipelta^ Soil Family 4. 
tPLEROMiDAE, Soll. [ = Megamorina, Z.]. The desmas monocrepid and 
smooth. Genera— Pleroma^ Soll.; ^Lyidium^ O.S. [Eoc.]; *Placonella, 
Hinde [Jur.]; * Megaliihuta^ Z. [Jur.]; ^Doi-ydesmta, Z. [Cret] ; * Caster- 
ella^ Z. [Cret]; ^HolodictyoHy Hinde [Cret]; * Pachypoieriony Hinde 
[Cret] ; *Hetero8tiniay Z. [Cret,]; ^Nematriniony Hinde [Cret]; *I80- 
raphiniay Z. [Cret} 

Demiis P — Rhahdom, Soil. The ectosomal spicules are microrhahdiy 
or modifications of them (discs). De.*<mas monocrepid. 

Family 5. Neopeltidae, O.S. Ectosomal spicules monocrepid discs. 
Genus— NeopeltiSy O.S. Family 6. Scleritodermidae, Soil. Ectosomal 
spicules microrhabdi; other microscleres sigmaspirea Genera— Sclerito- 
dermay O.S.; AciculiteSy O.S. Family 7. Cladopeltidae, Soil Ectosomal 
spicule a monocrepid desma, highly branched in a plane parallel to the 
surface ; no microscleres. Genusi— Siphonidiumy O.S. 


Tribe 2. Anoplia, Soli. 

No ectosomal spicules or microscleres. 

Family 8. fAzoRiciDAE, Soll. [ = Rhizomorina, Z., para} Desmas 
monocrepid. Genera—A*orica, Crtr.; Tretolophusy Soli.; Oastrophanellay 
O.S.; Setidiumy O.S. (Fig. 28, A); Poritellay O.S.; AmphibUptulay O.S.; 
Tremaultdiumy O.S.; Leiodermatiumy O.S.; Sympylay Soil.; Petromicay 
Topa 


[Tribe Poecilocladinidae, Rff.] 

[Sub-Tribe Anomocladinae, Rff.] 

Family 9. tAKOMOOLADiDAE, Z. Genera —^Vetulinay O.S. [Eoc.^ (F% 
29) ; *Oylindrophyfnay Z; [Jur.] ; ^MdondUiy Z. [Jur.] ; *Seytal%ay Z. [Jur. 
Cret]; *Leeanellay Z. [Jur.]; ^Maetosiay Z. [Jur.} [Family Anomo- 
CLOMBLLiBABi Rff.} ^Anafnocknelloy Rff. [SiL]; ^P^apegmOy Rff [SiL} 
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[Sub-Tribe Eutaxicladinae, Rff.] 

[Family Astylospongtdae, RfflJ ^Astylospongiay Roem. [Sil.]; 
*Carya8p(mgia, Rff. [Sil]; ^Garpospongiay Rtf. [Sil]; ^Astylomanoity Rocin. 
[Sil]; *Caryomanon^ Hiudc ; *Palaeomanony Rocin. [Sil]; *Protachilleum, 
Z. [Sil]; ^Eospongia^ Bill [SilJ [Family Hindiadae, Rff.J ^Hindia, 
Duncan [Sil} 

Incerti sedis. [Family Rhizomorina, Z. (= Corallistidae + Azori- 
cidae)]. Genera — ^Cnemidiastrumj Z. [Jur.]; *Gorallidium^ Z. [Jur.]; 
*I{yalotrago$y Z. [Jur.]; *Pyrgochonia, Z. [Jur.] ; *Diico6troma^ Z. [Jur.] ; 
*Lewdorellay Z. [Jur.]; Epuiomella^ Z. [Jur.]; *Platyclwnia^ Z. [Jur.]; 
*Uo\ .turn, Z. [Ci*et.]; *A8troboliat Z. [Cret.]; *Ghonella, Z. [Cret.]; 
*Seliscothon, Z. [Cret]; ^Ghenendepora^ Lamx [Cret]; ^Verrnculinaf Z. 
[Cret.]; *Sticho 2 )hyma, Pom. [Cret]; ^Jereica, Z. [Cret]; *Coelocoryp1uif 
Z. [Ci-et]; ^Stachygpongiaj Z. [Cret]; *PacMnioi\^ Z. [Ci‘et.]; ^Nipterella^ 
Hinde [Cambr.]; *Pmmatiie8^ Dun. [Carb.]; *Ka::aniay Stuck [Carb.} 

Grade IL Monaxonida, R. and D. 

Demospongiae with monaxon spicules, without admixture of 
triaxon or tetraxon types. 

In the classification of this most difficult and perplexing group, 
which exemplifies in the fullest degree the plasticity of the Demo¬ 
spongiae, and the frequency of adaptive and convergent evolution 
in this class, we follow the classification of Topsent [26 and 281. 

Order 1. Hadromerina, Topsent 

Monazonida, usually of massive form, sometimes stalked or cup-shaped. 
Structure compact Skeletal framework radiate or without order, seldom 
fibrous, non-reticulate. Spongin absent, or very feebly developed. Mega- 
scleres monactinal or diactinal, usually of one kind only; microscleres, 
when present, asters or microrhabdi, never chelae or sigmata. 

Sub-Order 1. IAciculina, Tops. 

Megascleres diactinal 

Family 1. Coppatiidab, Tops. Microscleres absent, or in the form of 
euasters, sometimes with the addition of streptosters. SpongosoriteSf 
Tops.; Aniioxyay Toi)a; GoppatiaSy Soil (incl AitropepluHy Soil; and 
DoryplereSy Soil); Magogy Soil; Hemiasterellay Crtr. («EpallaXy Soil); 
AiUropuSy Soil Family 2. Strkptasteridae, Tops. Microscleres strept- 
asters; no euasters. Genera —Amphiusy Soil; Scolopesy Soil; Traetiy- 
eladusy Crtr.; Rhaphidutiay Crtr.; Spiroxyay Tops.; Holoxeay Toi)s. 
Family 3. tTETHYiDAE, Gray. Globular or massive, with radiating 
framework and differentiated ectosome; microscleres, vdien present, 
typically euasters. Genera—Lam. [Eoc.} (Fig. 30, A ); Tethyor- 
rhaphitf Lit ; Tuherellay Keller (Fig. 30, L ); Trachyay Crtr.; Heteroxydy 
Tops. Family 4. Stylocordylidab, Toi)s. Pedunculate; framework. 
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radiate in the body, forms longitudinal fibres in tlie stalk. Genera— 
Styloeordyla^ W. Th. (Fig. 38); Cometella^ O.S.; Halicometei^^ Topa 

Sub-Order 2. fCLAVuLiNA, Vosm. 

Megasclei’es nionactiiial, usually pin-shaped tylostylesj mrely styles. 

Family 1. tCLiONiDAE, Gray. Boring Claviilina. Genera—fC^tona, 
Grant [Ci-et. Eoc. Mioc.]; Dotona^ Crtr.; ^Thoosa^ Hanc. [Eoc.]; ^Alectona^ 
Crtr. [Eoc.]. Family 2. ISpirastrellidae, R. and D. Microscleres, 
euastci*s, or streptastcm usually accuiuulatcd to form an ectosoniic crust 
Mcgascleres, tylostyles, or styles ; occasionally diactinal. Genera— Hyme- 
desmiay Bwk.; Xenohyonyia, Gray; ^SpirastrelUiy O.S. [Eoc.]; yLatrun- 
rithu, Boc. [Eoc.]; Seeptrinlas, Tops. Family 3. Polymastiidae, Vosni. 
Without inicroscleivs; cortex diftcrentiated; skeletal framework radiate. 
Genera— Polymastia, Bwk.; Trivhostemma^ Sars.; llhaphidorus^ Topa ; 

R. and 1).; Tyle-coclada; Sphaerotylnsy Tops.; Qmsilina^ 
Norm.; Ridleia, 1).; Tentorium, Vosm. (= Tliccaphora, O.S.), (Fig. 31). 
Family 4. tSuiiERiTiDAE, Vosm. No microscleres ; no ditterentiatetl cor¬ 
tex; framework not radiate; megascleres nearly alwa 3 "s t 3 ’lo.style 8 . Genera 
— \Siibentrs, Ndo. [Eoc.]; Ficalina, Gray ; Laxosuherites, Tops.; Terpioa, 
Ditch, et Mich.; Pseadosuberites, Tops.; Prosuberites, Tops.; Rhizaxinella, 
Keller ; Semisaberitcs, Crtr. ; Axosaberites, Tops. ; Poterion, Schlegel. 

Order 2 . tHalichondrina, Vosmaer. 

Typically non-corticate; skeleton usually reticulate; miciuscleros 
monaxon (sigiuata chelae, toxa, niicrorhalKli), very exceptionally polyaxon 
(euasters in some Axinellidae). 

Family 1 . fHAPLoscLERiDAE, TopK (= Homorrhaphidae, R and D. 
-I- Heterorrhaphidae, R and D., pai-s). Spiculation of a simple tyjK?, 
very often with diactinal megascleres alone ; microscleres, if pi*e8ent, never 
chelae. Sub-Family (a), fCHALiNiNAE, O.S. Skeleton composed of fibres 
of spongin enveloping diactinal mega8clere.s; tlie latter often greatly 
I’educed in size and <piantity. Microscleres usually wanting. Genera— 
tCVmKna, Grant [Eoc.], (Fig. 34); Pachychulina, O.S. ; Stphonochalina, 
O.S.; Acervockdina, R ; Toxocluilma, R; Chalinula, O.S.; Spinosella, 
Vosm. (aa 2'uba, Ditch, et Mich.); Gacochnlina, O.S.; Sclerochalina, O.S.; 
Ceraockdina, Keller. Sub-Family (6 ). tRENiERiNAE, O.S. Skeleton of 
spicules sometimes with a confused arrangement, sometimes forming a more 
or leas regular network. Spongin wanting or present in small quantities, 
seldom enveloping the spicules completely. Genera— \Halickondna, 
Flem. [Eoc.]; \Rentera, Ndo. [Eoa]; Petrosia, Vosm.; Metsehmkowia, 
Grimm; Pellina, O.S.; Eumastia, O.S.; Rmtochalina, Ldf.; Oelliiis, 
Gray; Rhaphisia, Tops.; Menanetia, Tops.; Astromimtis, lAt ; Damiria, 
Keller. Sub-Family (c). tSpoNoiLUNAB, Gray. Fresh water sponges, 
for the most part similar to Renierinae. Section o. tEuspoNOiLLiNAB 
(« Sponqilunab, Crtr.}. The gemmule, so far as it is known, lacks a coat 
of special spicules. Genera—t%>n<7tWa,LanL[Jur.],(Fig.33); Lubomirdciu, 
Dyb. Section fi. Mbyeninae, Vejd. The gemmule, when present, has 
an envelope containing special spicules. Genera— Trocho»ponyilla^ Vejd.; 
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iEphydatia^ Lamx. {^Meycnia^ Crtr.); Heteromeymia^ Potts; Tuhella^ 
Crtr.; Parmula, Crtr,; CartmuSy Potts; Uruguayan Crtr.; Potamolepis, 
Marshall; Lmepsiay Keller. Sub*Family (d). Qelliodinae, Tops. 
Skeleton formed of long thick spicular fibres, with very little spongin 
as a rule; but in Phoriospongia and Sigviatella the spicules of the 
fibres are replaced by foreign bodies (arenaceous fibres) and the spongin is 
abundant Microsclere usually sigmata. Genera —Gelliodesy R.; Stylo- 
trichophoray D.; Cladocrocey Tops.; Phoriospongiay Marshall; Chon- 
dropm [Crtr.], D. Sigimtellay I.idf.). Sub-Family («). Phlobodic- 
TYINAE, Crtr. Massive sponges with a thick cortex and fistular ap¬ 
pendages. Framework of choanosome, a network of spicular fibres. 
Microscleres, when present, sigmata. Geneia —Ehizochalinay O.S,; 
Oeeanapiay Tops. Family 2. fPoECiLOSCLERiDAE, Tops. (»Desma- 
ciDOMiDAE, K. and D. 4- Heterorhaphidae, R. and D., pars.). Megas- 
cleres almost always monaclinal; microscleres various, but almost always 
including chelae. Sub-Family (a). tSsPERELLiNAE, R and D. Skeletal 
fibres without echinating spicules; megascleres of ectoeome similar tc» 
those of choanosome, or differing only in size. Genera —jEsperelUiy Vosm. 

(= Esperiuy Xdo.), [Eoc.] ; Gomphostegiay Tops.; ^EtperiopdSy Crtr. [Eoc.], 
(Fig. 37); ^Amphilectmy Vosm. [Eoc.]; Stylotellay Ldf.; Demacellay 
O.S.; BiemmUy Gray; Monanchoray Crtr.; iHainacanthay Gray (=* Vonie- 
rulay O.S.), [Eoc.]; PozziellOy Tops. ; fCladorhizay M. Sars [Eoc.]; fChon- 
drocladiay W. Th. [Eoc.]; Axonidermay R. and D.; Meliidermay R. and D.; 
Artemidnay Vosm.; Phellodermay R. and D.; fDeimacidony Bwk. [Eoc,]; 
Batzella, Tops.; Homaeodictyay Elders; tGuttorra, Crtr.; [Eoc.]; Sidero- 
dermay R and D.; Joyeuxiay To|:)8.; Microtylotelkiy D.; Ampkiastrellay 
D. Sub-Family (b). IDendoricinae, Topa Skeletal fibres without 
echinating si^icules. Megascleres of ectosome, as a rule, different from 
those of choanosome, and usually diactinal. Genera —DendoryXy Gray; 
Lissodendoryxy Tops.; ^lophony Gray [Eoc.]; lotrochotUy R; LeptodUy 
Tojis.; Tedaniay Gray; Trachytedaniay R; tForce^na, Crtr. [Eoc.]; 
iMelonanchoray Crtr. [Eoc.]; Hiatodermay Crtr.; Comulumy Crtr.; 
Yveda, Tops. Sub-Family (c). tEcTYONiNAE, Crtr. Skeletal fibi-es with 
echinating spicules, which are usually spined. Genera —^Myxilluy O.S. 
[Eoc.]; Pocillony Tops.; Plumohalichondria, Crtr.; Styloatiehony Tops.; 
Microcionay Bwk.; Hymeraphiay Bwk.; Tylodgniay Tops.; Achelidorma 
Toi».; \Acaniu8y Gray [Eoc.]; PythmSy Toi)s.; Hamigeray Gray; 
Spanioplon, Tops.; Clathriay O.S.; Echinoclathriay Crtr.; AgelaSy Duch, 
et Mich.; Ophlitaspongiay Bwk. (Fig. 32); Ectyonopdiy Crtr.; Bhaphi- 
dopkluSy Ehlers; Echinonemay Crtr.; Clathriodendrony Ldf.; Pleetiapay Ld£ ; 
Clathriopsammay Ldf.; AuUnay Ldf.; Echinodietyumy R; KalykmUrony 
Ldf; Fudfety D. Sub-Family <d). tBuBARiNAE, Topa With special 
diactinal spicules, localised at the surface of attachment or forming the 
axis of the sponge; or with special megascleres (rhabdostyles). Genera-^ 
tP/ocamia, O.S. Dirrhopalumy R), [Cret Eoc.]; SuberotalitUy 0 . 8 . ; 
Buharisy Gray ; Cerharuy Tops. ; Rhabdermidy Tops. ; HymerhabdiOy Tops. 
Family 3. fAxiMELUDAE, R and D. Megasclei*es typically mouactim^ ; 
diactinal spicules, when present, usually of subsidiary importance in 
building up the skeletal framework. Microscleres wanting or few in 
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number. Body form erect, lamellar, cup-shaped, or branched; skeleton 
fibi'es plumose, often more or less radiate in arrangement Genera— 
\Hymeniacidon, Bwk. [£oc.]; Phakellia, Bwk. (Figa 35, 36); Ciocalypta^ 
Bwk.; Tragosittf Gray; Syringella, O.S.; iAxinellay O.S. [Garb. Eoc.]; 
Ratpailiaf Ndo.; Higginsia^ Higgin (« Dendropm, R and D.); Thrinaco- 
pkora, R ; AulettafO.S.; Dictyonellay O.S.; Acanthella, 0.^.\ Halicnemia, 
Bwk.; AmorphinopgiSf Crtr.; Vosmaeria, Frktedt; SoHaselUiy Ldt; 
Trikenirion^ Ehlers; Tetranthella^ Lclf.; VibulinuSy Gray («Stelligeray 
Ldf.); Sigmaxinellay D. 

Appendix —Monaxonida incerti sedis. Genera — *Climaco8p(mgiay 
Hinde [Sil.] ; *Lasiocladiay Hinde [Dev.] ; AcanthorrhaphiSy Hinde 
[Cret] ; *Atracto8ellay Hinde [Sil.] ; *Haplution^ Young [Garb.] ; *TricKo- 
spongiay Bill [Cainbr.]. 


Grade III. Keratosa. 

Demospongiae in which the skeleton consists of fibres of 
spongin, without “ proper spicules. 

The Keratosa are divided by Lendenfeld into the two orders— Mono- 
ceratinay including those forms whose nearest affinity is with the Monaxo¬ 
nida, and Hexaceratina, supposed to lie descended from the Hexactinellida, 
and including the Aplynllidae and the Haluarcidae (M3rxospongida). 

As regaixls the Hexaceratina so called, the theory of their affinity is 
based partly upon the resemblance of the (frequently) triaxon horny 
spicules of one genus (Darwinella) to the triaxon siliceous spicules of 
Hexactinellids, and partly upon resemblances in their canal systema 
Since, however, nothing whatever is known of the origin and formation 
of either of the two kinds of spicules in question, the assumption of their 
genetic connection, however enticing as a speculation, is scarcely sufficiently 
well founded for use as a systematic character; and the fact that the 
Aplyeillidae and Halisarcidae have thimble-shaped chambers is not con¬ 
clusive proof of their affinity either with one another or with the 
Hexactinellids. 

On the other hand, Lendenfeld^s two groui)8 undoubtedly represent a 
sharp and natural cleavage of the Keratosa, after removal of the Halisar- 
cidaty and we therefore retain them with an alteration of the names. 
The one, characterised by a reticulate tyi>e of skeleton, we tenn Dictyo- 
ceratina; the other in which the skeleton is dendritic, we term Dendrocer- 
atim. 

Order 1. Dictyoceratina (^Monoceratiiia, Ldf). 

The spongin skeleton has the form of a network (or rather feltwork) of 
anastomosing fibres. 

Family 1. Spongidab, Gray. Skeletal fibres solid; ground sub¬ 
stance round the chambers granular; canal system aphodaL Genera-— 
Eu^ongta, Bronn (Fig. 39); Hippospongiay F.E.S.; Cacotpongioy O.S.; 
Goictnodtfrma, Grtr.; 8t$lotpofigu$y O.S.; llirciniay Nda; Pkylloe^gia^ 
Ehlers; Carterioepongiay Hyatt. Family 2. Spongbliidae, Ldf. Fibres 
solid, usually with considerable quantities of foreign belies; ground 
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sabetanoe round the chamberB clear; canal system eurypylous. Genera— 
Nda; Fishneo, Vosm.; PtammocUma, Marshall; Psammop&mma, 
BlarshalL Family 3. Aplysimidab, F.KS. Fibres hollow, canal system 
aphodaL Genera— Aplytina^ Nda (Fig. 40); Luffaria (Duch. et Mich.), 
O.S.; Verongitty Bwk.; Thorectay Ldf. 

Order 2. Dondroceratina (sHexaceratina, Ldt^, pars). 

Spongin fibres dendritic, arising from a basal plate of spongin, and 
not anastomosing. 

Family 4. Apltbillidae, Vosm. Canal system eurypylous, with 
large elongated chambers; in Darwinellay spicules of spongin. Genera— 
Aplynllay F.E.S.; Darwinellay Milller; lanthellay Gray; Dendrillay Ldf. 
(Here Hexadelluy Tops., fin^ its nearest allies, and perhaps also 
Halwrca, Duj.). 

Kbratosa (1 Foraminifera) incerti sedts (Haeckel, 1889 [8]). 

Family — Ammogonidae. “ Keratosa without spongin fibrea Pseudo¬ 
skeleton composed of xenophya (or manifold foreign bodies), which ai (^ 
disposed in the thin malthar plate of the porous tubular body. Canal 
system tubular, developed on the Asconal type (similar to that of the 
Aiconidae)” Genera —AmmolynthiLSy H.; Ammoeoleniay H.; Ammo- 
conia, JL ; Prophysemay H. Family — Psamminidae, Ldf. “ Keratosa 
without spongin fibrea Pseudo-skeleton composed of xenophya . . . 
which are cemented together and encloi^ by the transparent maltha. 
Canal system vesicular, developed on the Leuconal type (similar to that 
of the Spangdiidae),** Genera —Psamminay H.; Hokpsammay Crtr.; 
Ptammopemmay Marshall Family — Stanromidae, H. Keratosa with 
a fibrillar spongin skeleton, composed of thin, simple, or branched spongin 
ftbrillae, never anastomosing or reticulated. Pseudo-skeleton compo^ 
of xenophya . ! . which are crowded in the transparent maltha, never 
in the homogeneous fibrillae. Canal system vesicular ... on the 
Leuconal type, . .'Genera —Stannophyllumy H.; Stannarixmy H.; 
Stannomay H. 

Grade IV. Myxospongida, Soil. 

Sponges devoid of a skeleton in any form. 

Family 1. Oscarellidas, Ldfi With spherical ciliated chambers. 
Genus —OieareUoy Voam. (Fig. 41), Family 2. Halisarcidab, OiS. With 
elongated, sack-like ciliated chambers. Genera—HaliKirca, Duj.: Bajuluiy 
Ld£; Hexadellay Tops. 

Appbnoix to Classification. 

Under the names OctacUndlida and HeteraetinelltdOy Hinde (1887) 
has described two groups of Palaeozoic sponges, each with a very aberrant 
type of spicule, which cannot be brought either under the triaxon or 
tetraxon type. 

In the OctaetineUiday represented by the single genus Aitraeotpongia 
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of Roemer, the typical spicule (megasclere) has eight rays (Fig. 96, A), Six 
of the rays are placed in one plane, which may be termed horizontal, 
and in which they radiate out 
at equal angles of 60” from a 
common centra The two re¬ 
maining rays radiate from the 
centre in opposite directions, 
forming a vertical axis which 
cuts the horizontal plane at right 
angles. Spicules of this normal 
type arc, however, less frequent 
than a modification in which 
the two vertical rays are reduced 
to nodules or are absent alto¬ 
gether, thus producing a flat, six-rayed star (Fig. 95, JB). 

In the Heteractinellida the typical spicule is a huge euaster with from 
six to thirty rays, coming off from a common centre at different angles 
(Fig. 96, A). This type form is again less common than some of its 
modifications. By the rays being placed nearly in one plane, in which 
they are confluent at their bases, a disc-like star is produced (Fig. 96, B), 


A. 



Spicnles of A»traeo»pongia. A , octactine; 
B, hexactine. (After Hinde.) 



which may further have thr^ or four rays cominjg off at right angles, or 
nearly so, from one surface of the disa A characteristic modification of 
this tj^ produces nail-like spicules (Fig. 96, C, D, JS), in which there is a 
disc with six to nine rays projecting horizontally, from the centre of which 
a stout ray is given off in a vertio^ direction. The rays may be equal or 
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unequal in size, and may be straight or tapering, blunt or sharp, smooth 
or with warts on one 8ur£ace. 

Should these observations be confirmed, it is evident that we have 
here two groups of equal systematic importance with the Hexactinellids 
and Demospongiae, which have not left descendants persisting to our 
time. In addition, therefore, to the three classes now existing, we should 
have to add the following :— 

Class 4. *Octactinellida, Hinde. 

With octactinal megasclerea. Genus— ABtraeotfp<yngiay Boemer [SiL 

Dev.J 

Class 5. *Heteractinellida, Hinde. 

With polyactinal inegascleres. Tkoliasterellay Hinde [Carb.]; Aster - 
actinella^ Hinde [Carb.]. 


V. The Distribution of Sponges in Space and Time. 

The orders and families, and even as a rule the genera, of the 
Porifera are cosmopolitan in their geographical distribution. Their 
occurrence in any quarter of the globe is subject only to the re¬ 
strictions imposed by the peculiar conditions necessary for their 
existence in each case, such as, for instance, their bathymetrical 
distribution, presently to be discussed. Even the freshwater 
sponges, in spite of the discontinuous nature of their habitat, seem 
to occur in the lakes and rivers of all countries. In the latter case, 
the gemmules afford an important means of distribution on account 
of their resistance to external vicissitudes and the ease with which, 
in many cases, they can be transported by winds. In marine 
sponges the larvae are probably often carried great distances by 
currents, and in some cases gemmules, or other noii-sexual repro¬ 
ductive bodies, may also play a part in their dispersal. 

Although no group or family of sponges appears to be limited entirely 
to any particular n^on, yet many are found more abundantly in certain 
regions of the glohe than elsewhere, and may be said to characterise these 
areaa Thus in the Hexactinellids a far larger number of species are re¬ 
corded from the Pacific than from the Atlantic or Indian Oceans ; this is 
true both of Lyssacina and Dictyonina; but while in the case of the 
former the south temperate zone is the ricliest and the north temperate zone 
the poorest in species, the Dictyonina reach their richest development in 
the tropical zone (Schulze). In the Demospongiae, the Keratosa, a group 
to which warm and shallow waters seem to be must congenial, ai^ most 
abundant in southern and antarctic regions (Lendenfeld). The Monax- 
onida, though a widely spread and very cosmopolitan group, are most 
abundant in the Indo-Australian region, a fact true especially of the very 
populous sub-families of the Ohalininae and Ectyoninae. Tedania and its 
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allies, on the other hand, are more characteristic of the Patagonian region 
(Ridley and Dcndy); while the higher systematic groups of sponges have 
the widest possible distribution, the range of individual species is often 
very restricted, though certain forms may be of widespread occurrence. 
Instances of the latter are seen in some generalised forms, such as 
Halicho^idria panicea^ Subei'ites carnosus^ and many others amongst 
Monaxonida. The species inhabiting deep water occur, as a rule, over 
wider areas than those restricted to the shore-line. 

The classes of Porifera are better characterised by their batliy- 
metrical distribution than by their geographical habitat. Speaking 
generally, it may be said that the Calcarea and Monaxonida are 
shore forms, inhabiting the highest littoral zone, and flourishing 
between tide marks; the Choristida, amongst Tetractinellids, and 
the Keratosa are most abundant just below tide marks, down to 
about 50 fathoms; the Lithistida characterise a slightly deeper 
belt, from 100 to 150 fathoms; while the Hexactinellids are 
typical inhabitants of deep water, the Dictyonina occurring in 
moderate depths, near the coast, and the Lyssacina in the abyssal 
regions far from the coast. In every case, however, the limits of 
these generalisations are overstepped by particular species. Thus 
Thenea murkata (Choristida) has been recorded from 1913 fathoms 
(Wright), and many Monaxonida have spread down to great 
depths, as, for example, Cladmhiza louf/ipinm (R. and D.) from 
3000 fathoms. It has already been pointed out as an interesting 
fact that the influence of an abyssal habitat upon these character¬ 
istic littoral forms, is to cause them to exchange their irregular 
body form for a symmetrical mode of growth, which is clearly 
secondary and newly acquired. 

The geological record of the Porifera is largely dependent, as 
might have been expected, upon the nature of the skeleton. In 
each group wo find those forms espcciall}^ represented by fossils iu 
which a rigid and coherent framework has been evolved; for 
instance, amongst Calcarea, th.e Pharetronidae; amongst Hex¬ 
actinellids, those with a dictj'^onal framework; and amongst 
Demospongiae, the Lithistida. Since in each case these are the 
least primitive examples of the groups to which they belong, 
Palaeontology affords us but little help in unravelling the i^hylo- 
gcnetic connections of the groups of Porifera. We know nothing 
of the past history or distribution of the more primitive groups, 
such as the Ascons or the Carnosa. The most ancient sponge 
known, however, namely, Protoapmigia from the Cambrian, is 
characterised by triaxon spicules of the roost primitive and un¬ 
modified type, and the early Palaeozoic forms classed by Hinde as 
Octactinellida and Heteractinellida perhaps represent ofishoots from 
a very early and primitive stock, which have not left descendants 
persisting to the present day. On the other hand, a remarkable 
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feature of the forms mentioned is the relatively very large size of 
their spicules, which is probably not a primitive characteristic. 

In general the Palaeontological record shows the extreme 
antiquity of the chief types of sponges, and their wide occurrence 
at all periods of the world’s history, but is far from suppl3dng links 
to connect the branches of the phylogenetic tree. We notice 
further that the forms most abundant as fossils are those which are 
now characteristic of deep water; but it is not necessarily to be 
inferred from this that the fossil forms were also inhabitants of the 
abyss. 

VI. The Affinities and Phylogenv of Sponges. 

The theoretical questions which are suggested by a study of the 
group of sponges, fall naturally under two headings. First, we 
may consider sponges in general in their relation to other classes 
of living beings. We are then confronted with the question— 
what are the affinities of the simple and primitive sponge individual 
with other animals ? Secondly we have to deal with those questions 
of which the range is limited and restricted within the phylum 
itself—that is to say, the evolution of sponges in general, and the 
pedigree and phylogenetic relations of the principal groups. 

(a) Position of Sponges in the Animal Kingdom ,—The most con¬ 
flicting opinions have been, and still are, held upon this point. Up 
to the middle of the present century it was still disputed whether 
sponges were animals or plants. The discovery of cilia in them by 
Dujardin and Dobie was considered a decisive proof of their animal 
nature, but their systematic position still remained a matter of 
controversy. By Dujardin, Lieberkiihn, Carter, James-Clark, and 
Savile-Kent^ they were regarded as Protozoa, but with the progress 
of knowledge such a view has become incompatible with any 
rational definition that could be framed to separate the Protozoa 
from the higher animals. Modem authors are divided, in the first 
place, as to whether the sponges are to be regarded as Enterozoa, 
or as an independent phylum, distinct both from the Protozoa and 
from the Enterozoa (Biitschli, Sollas, and formerly Delage [2]). 
Those who regard them as Enterozoa are further divided in opinion, 
especially as regards the homologies of the two primary germ 
layers. Balfour, whom at the present time Maas and Delage 
follow, considered them as composed of ectoderm and endoderm, 
homologous with the similarly named layers in Coelentera, but in 
sponges reversed in position at the metamorphosis; Heider, Gotte, 
and Nfildeke also consider that sponges have nothing in common 
above the gastrula stage, and the two latter believe that the sponge 
body is developed from the endoderm alone. On the other hand, 
Ueui^kart and Haeckel regard sponges as true Coelentera, composed 
of the same two primary germ layers, and built up on the same 
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architectural plan; and Schulze, whom most authors follow, places 
the Porifera as a subdivision of the Coelentera, marked off by the 
possession of a distinct mesoderm, and the absence of nematocysts 
or tentacles from the remainder of the Coelentera or Cnularia, 

We have then three views to discuss, each of which is based 
upon a distinct theory of sponge genealogy: first, that sponges are 
descended from a Protozoon ancestor distinct from that of other 
Metazoa; secondly, that they have a common ancestry with other 
Metazoa, as far as the diploblastic stage of development, and are 
therefore composed of the same two primary germ layers, but that 
after this stage they have proceeded along a distinct and in¬ 
dependent line of evolution; and thirdly, that they have a common 
ancestry with the Coelentera, both being descended from a 
gastrula-like progenitor with a body wall composed of ectoderm 
externally and endoderm internally. The sponges would then be 
a modification of the Coelenterate ancestor in one direction, the 
Cnidaria in another. 

In considering these views we may take the last first, as being 
the most easy to refute, although still that most generally adopted. 
The result of recent embryological work has been to completely 
undermine the Coelenterate theory of sponge affinities, by demon¬ 
strating that at the metamorphosis the germinal layers become 
reversed in position, in a manner not suspected by those who 
first put forward this view. The Coelenterate theory assumes 
that sponges are composed developmentally of the same two 
germinal layers as the Coelentera, which also have the same archi¬ 
tectural relations in the adult. The reversal of the layers makes it 
impossible, however, to extend the comparison to both the larvae 
and the adults. For if the comparison starts from the larvae, then 
the adult sponges are composed of endoderm externally and ecto¬ 
derm internally. If, on the other hand, the adults are compared, 
and their constituent layers homologised, then the larvae of sponges 
are quite anomalous, consisting of an endoderm surrounding com¬ 
pletely, or very largely, the ectoderm. Since the Coelenterate 
theory has become quite untenable at the present day, at least in a 
strict phylogenetic sense, we have to choose between one of the two 
remaining views; either that sponges have a separate descent from 
the Protozoa, ue. from the Choanoflagellata, an idea which has sug¬ 
gested the term Parazoa^ applied to them by Sollas; or that they 
are Enterozoa, in which the two }>riinary germ layers have become 
reversed in |)osition, a view expressed in the name Enantioderma s. 
Enantiozoa^ coined for them by Delage (1898 [3]).® 

' From the Qreek iva^riot, inside out 

* Tiie theory of Ootte aud Ndldeke that sponges are developed from the eiitlo- 
derm alone, was founded on mistaken observations upon the development of 
SpongiUa, aud at the present day is lacking in any basis of fact. 
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To obtain constructive evidence of a convincing nature in favour 
of either of these views is a matter of extreme difficulty, if not im¬ 
possible. On the side of the Ghoanoflagellate ancestry we may 
urge the invariable presence of collar cells and their remarkable 
resemblance to Choanoilagellata (see above, p. 53). The theory of 
Enterozoic affinities of sponges, on the other hand, is based upon 
their sexual reproduction and the resemblance of the early develop¬ 
mental stages, culminating in a two-layered, planula-like larva, to 
those of other Metazoa. The latter theory seems, therefore, at 
first sight, to stand upon a wider basis than the former, but a closer 
scrutiny leads to the conclusion that the supposed Enterozoic char¬ 
acters of sponges are far from being of a very diagnostic nature. 
In the first place, sexual reproduction by means of ova and sper¬ 
matozoa is of widespread occurrence in plants as well as animals. 
Secondly, the type of segmentation seen in any ovum depends, as 
is well known, largely on its constitution, and in so far may admit 
of explanation by purely physical laws. And finally, as regards 
the germinal layers, the subsequent fate of these layers in the 
sponge embryo makes it very difficult to homologise them with 
those of other Metazoa. 

While, therefore, the characters that connect the sponges with 
the Enterozoa are of rather a shadowy and vague nature, the pos¬ 
session of collar cells stands out, at present, as a sharply defined and 
very diagnostic feature in their organisation which links them to the 
Choanofiagellata, and this view receives indirect support from the 
many anomalies of sponge development which make it very diffi¬ 
cult to bring them into line with other animals. 

If from the basis of a Ghoanoflagellate ancestry we try to reconstruct the 
past histoiy and evolution of the sponge phylum by the help of the stages 
seen in embryology, we find the simplest condition typified in the larvae 
of A scons. The larva of Claihrina before immigration has commenced 
may be I'egarded as a Protozoon colony composed of nutritive zooids, 
together with a small number specialised for reproduction (cf. Figa 
57, 1, and 58, 1). Such colonies are seen in the Volvocineae and in 
Prohrospoufjia (Savile-Kent). In the sponge ancestor the nutritive 
zooids were doubtless provided each with a collar and flagellum; 
in the sponge larva the flagellated cells serve during the free swimming 
stage only for locomotion, and their nutritive function is in abeyance, 
hence the collar is not developed on them until after the metamorphosia 
As time went on n third class of cell was developed by modification of the 
nutritive zooids, as occurs in all sponge larvae. These new elements may 
have hod at first a digestive and distributive function, or they may have 
been skeletogenous, or finally, they may have simply been a modified form 
of flagellated cell, as exemplified in the larva of Of^arella^ and specialised 
perhaps for locomotion rather than nutrition. In any case the non- 
reproductive zooids, at first all alike, became subdivided into a specially 
nutritive set, retaining the primitive characters, and another set specialised 
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in other directions. The former remained at the surface, the latter tended 
to migrate into the interior. 

Next followed the very obscure portion of the phylogenetic history in 
which the ancestor became fixed, and underwent changes which resulted 
in the nutritive collar cells becoming placed in the interior to form the 
gastral layer, while the other cells came to surround them and form the 
dermal layer. Although these two events, the fixation and the reversal 
of the layers, doubtless stand in close relation to one another, it is difficult 
to say which preceded the other, or to attempt to follow this period of the 
evolution in detail. It is represented in ontogeny by the metamorphosis, 
which, like all similar stages throughout the animal kingdom, evidently 
represents a large and important series of phylogenetic stages compressed 
into a very short time, and much modified in nature. When once the 
metamorphosis is past, the subsequent pupal stages are not difficult to 
interpret It has already been pointed out that the flattened pupa formed by 
metamorphosis of the larva of Clathrina may be regarded as a very simple 
type of sponge in a state of extreme contraction. Its further histogenetic 
development, which in ontogeny takes place in the contracted condition, 
or during the gradual process of expansion, gives us a clue to understand¬ 
ing how in phylogeny the calcareous Olynthm was evolved from the simple 
ProtolyrUhvs, the ancestor of all sponges. 

The Choanoflagellate theory of sponge ancestry may be said therefore 
to afford a simple interpretation of all stages of the embryology, with the 
exception of the metamorphosis, a portion of their life-history of which the 
significance still remains very obscure. We may console ourselves, how¬ 
ever, with the thought that the metamorphosis is equally, if not more, 
difficult to interpret from a phylogenetic point of view on the Enterozoic 
theory, and that it becomes absolutely unintelligible from any point of 
view if the Coelenterate theory be adopted. 

(b) The Phylogeny of Sponges ,—^Three main lines of descent and 
evolution can be recognised in sponges generally, represented by the 
Galcarea, the Hexactinellida, and the Demospongiae r^pectively. 
In the former we have a very distinct stock, with no transitions to 
other forms. The Hexactinellids, on the other hand, have in the 
siliceous nature of their skeleton a feature vj^hich links them with 
the Demospongiae, but it is open to discussion whether this peculi¬ 
arity is inherited by both from a common ancestor with a siliceous 
skeleton, or has been independently acquired. 

Haeckel believes the common ancestor of all sponges to have been a 
form which inhabited the deep sea, and was provided with a pseudo- 
skeleton of foreign bodies, consisting chiefly of the skeletons of Hadiolaria, 
Foraminifera, and other pelagic animals which were continually showering 
down upon it This primitive sponge next acquired the power of dissolv¬ 
ing the siliceous and calcareous matter which it took up, and depositing 
the mineral substance anew in the form of spicules in the tissues. Some 
sponges, which lived in Olobigerina ooze, acquired in this way a calcareous 
skeleton; others living in Radiolarian ooze acquired a siliceous skeleton. 
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The consequence was the evolution of sponges along two lines, characterised 
each by the material composing the supporting framework of the body. 

Whatever may have been the first origin of sponge skeletons, that of 
the siliceous sponges shows two distinct lines of evolution. In Hex- 
actinellids the starting-point was a form of simple structure with triaxon 
spicules. The Demospongiae may be referred back, similarly, to a 
primitive Rhagon form with tetraxon spicules. In both cases the form of 
spicule may be explained as an adaptation to the canal system and 
architecture of the primitive sponge (Schulze). The primitive hexactines 
of the triaxon type are of the form best suited to the elongate, thimble¬ 
shaped chambers, and the loose trabecular structure of a simple Hexac- 
tinellid, while the tetraxon spicule fits the closely packed rounded chambers 
and the denser texture of the body wall of a Plakina-Vk^ ancestor. The 
question arises whether the two types of body structure were evolved 
^fore or after the sponge had acquired a siliceous skeleton of some kind. 
It is possible that a remote, ancestral Myxosponge, with flagellated chambers 
opening into a gastral cavity, secreted siliceous concretions and sclerites, 
which became spicules of a more or less irregular polyaxon form, and that, 
as the canal system of this sponge developed in one or the other direction, 
the polyaxon spicules became adapted to its structure and gradually settled 
down, so to speak, into the two types represented by the triaxon and 
tetraxon megascleres respectively. If this be so, we might expect to find 
other lines of sponge descent, in which the primitive polyaxon sclerite had 
given rise to other types of spicule, and such forms are perhaps repre¬ 
sented by the Palaeozoic sponges placed by Hinde in the two groups named 
by him Octactinellida and Heteractinellida. On this view we may 
recognise a class Silicea, of equal phylogenetic value, with the Oalcarea, 
and divisible into two branches, the Triaxonia or Hexactinellids and the 
Tetraxonia or Demospongiae. It remains to consider briefly how the 
various groups of non-calcareous sponges are to be distributed along these 
two lines of descent. 

The most primitive Demospongiae are to be found in the order 
Gamosa, and particularly in the family Plakinidae. Plakina month 
lopha is but little advanced beyond the primitive Khagon type, 
and its spicules are of small size, and for the most part of simple 
tetraxon form. The progressive 'complications found in other 
species of the same genus and in other genera of the Gamosa lead on 
to the typical Tetractinellids with a well-developed cortex, and with 
tetractines showing a corresponding differentiation between three 
tangential rays situated in the cortex and an enlarged ray 
directed radially; in other words, with triaenes. The Lithistida 
are to be considered as developed from primitive Tetractinellids, in 
which some of the tetractines become encrusted and enveloped by 
secondary deposits of silica to form the desma, with consequent 
atrophy and reduction of the primitively tetraxon crepis, as welf of 
the free triaenes; all stages of this evolution being still preserved in 
different members of the group. 
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From a corticate Choristid with a radiate skeleton the step to 
Tethya and allied forms is not great. The triaenes are replaced by 
monaxons, orientated in a similar manner to the rhabdomes of the 
triaenes, and doubtless corresponding to them. By reduction of the 
tetraxons the sponge has now become a Monaxonid, the starting-point 
of a new evolutionary series. While many Monaxonida, especially of 
the order Hadromerina, differ little from typical Choristida except 
in the absence of tetraxon spicules, others by reduction or dis¬ 
appearance of the cortex, absence of the characteristic asters 
amongst the microscleres, shortening and diminution of the monaxon 
megascleres, and loss of their radiate arrangement, acquire a type 
of structure which in the end terms of the series is of a very 
distinct character. While the Hadromerina retain, as an order, 
many marks of Tetractinellid affinities, all traces of the latter 
become obliterated more or less completely in the Halichondrina, 
with their reticulate type of skeleton, held together very often by 
an element which was absent or very inconspicuous in the Hadro¬ 
merina and Tetraxonida, namely, spongin. 

The Halichondnha in their turn are the starting-point of an 
evolution in yet another direction, in which the spicules become 
gradually lost and replaced by spongin, which ultimately comes to 
make up the whole skeleton. The transitions between the 
Halichondrina and Keratosa are numerous and gradual, and, as 
already pointed out above (p. 139), the evolution of a so-called homy 
sponge has probably taken place in more than one family of 
Halichondrina, and perhaps even more than once within the limits 
of the same family. So inseparable are the Keratosa, or rather the 
Dictyoceratina, from the Halichondrina in a natural classification 
that it has been proposed by Vosmaer and others to unite them in 
one group CorrMimspongxae^ and so separate them from the other 
Demospongiae which, in their turn, are to be united in one class 
Spiculispongiae^ comprising the Tetraxonida and Hadromerina. This 
arrangement, however, is open to just the same objections as that 
which it is intended to replace, namely, that it introduces sharp 
cleavages where none naturally exist, and for practical purposes it 
is less convenient than the frankly artificial classification into 
Tetraxonida, Monaxonida, and Keratosa. 

It is seen that from the most primitive Tetraxonida to the typical 
homy sponges we find an uninterrupted series of gradations, and though 
it might be possible to link the various forms together along lines different 
from those which have been traced above, it is not possible to introduce sharp 
distinctions between them. On the other hand, in the Keratosa themselves 
we come perhaps for the first time to a discontinuity in the chain of forms. 
The two orders of the Keratosa seem to have little in common except the 
materiid of the skeleton, and Lendenfeld has sought to bring the Dendro- 
ceiatina near to the Hexactinellids, on the supposition that they represent 




i64 


SPONGES 


an evoluUonary series in which the siliceous material of the triaxon 
spicule has become replaced by spongin, giving rise to homy spicules, 
combined with a dendritic homy skeleton, as in Darwinella, Further steps 
in this direction would lead to loss of the horny spicules, as seen in the other 
Dendroceratina ; while finally, the Halisarcidae are supposed to arise by 
complete suppression of the entire homy skeleton. However interesting 
and suggestive this theory may be, it cannot be said, in the present state 
of our knowledge, to be more than a guess. It is not clear how the 
alleged Hexactinellid ancestor acquired its dendritic horny skeleton, and 
it is just as easy to take the Halisarcidae as the starting-point of the series, 
to derive the dendritic skeleton from an upgrowth of a basal plate of 
spongin, and to regard the horny spicules, present in a single genus, as 
originating by discontinuous accretion of spongin in a form already 
provided with a dendritic skeleton. 

While, in the Myxospongida, the affinities of the Halisarcidae 
are uncertain and in need of further elucidation, the OscareUidaey on 
the other hand, seem to stand very near the Plakinidae, Oscarella 
scarcely differs from the simpler species of PUddna except in the 
absence of any skeleton, and there is no evidence whatever that it 
is degenerate in this respect. Oscarella may be regarded therefore as 
in many respects the most primitive Demosponge, representing more 
than any other the simple Rhagon ances,tor of the group. Since, 
on the other hand, it seems to have little affinity with any 
Hexactinellids, it points to the siliceous skeleton having been 
independently evolved in the ancestors of the Triaxonia and 
Tetraxonia respectively. 

The Hexactinellids, unlike the Demospongiae, are a compact and 
homogeneous group of very uniform structure, presenting no special 
phylogenetic difficulties. The starting-point is a simple Rhagon- 
like form, as described above, from which all the known types are 
easily derived. 

The phylogeny of the Calcarea has already been briefly dis¬ 
cussed, and it has been seen that the two families of the Homocoela 
represent the two main divergent branches of the genealogical tree. 
It is not possible at present, however, to trace these branches upwards 
through the grade Heterocoela, until the latter have been further 
studi^ from this point of view. 

LlTXaATURB OF THS PORIFBKA. 

The following list of references comprises, in the first place, those memoirs or 
monographs which deal with some sponge question or group in a comprehensive 
manner, and contain exhaustive references to the literature; and, in the second 
place, works of very recent date, which supplement and extend the larger^ 
treatises. Many important memoirs arc, therefore, not cited separately, as they 
are to be found quoted by all authors; such as, for instance, in morphology, 
histology, and development, the clasrical memoirs of Carter, Lieberkilhn, 
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Billings, de Bocage, Bowerhank, Crtr., Career. 

Dofr., Defmtvce, Dod,, Diklerlein, d*Orb., d*0rbiyny, Dnch. et Mich., Vueh- 
assaing et MieJ^doUi, Diy., Dujardin, Dun., Ihmikov'ski. Dyb., VybowsKi. 
Eichw., Eichwald. Et, Etallon, Fabr., Fabricius, F. E. S., F, E, Schulze. Flem., 
Fleming. From., Fr<ynientel. Goldf., Goldfuss. H., Haeckel. Han., HanUsch. 
Hanc., Hancock. lij., lijima. J. CL, James-C/ark. Johnst, Johnston. L., 
Linnaeus. Lam., Himarck. Lamx., Lamouronv. Ldf., Lcndenfeld. Mant., 
Mnntell. Mich., Michelin. Mont, Montagu, Murch., Murchison, Ndo., 
Kardo. Noi-m., Norman. 0. S,, Oscar Schmidt. Pall., Pallas. Park., 
Parkinson. Peng., Pcngelly. Pol., PoUjaeff. Pom., Pwncl. Qst., Quenstedt. 
R., Ridley, R. and D., Ridley and Bendy. Rtt’., Ranff. Roem., Rocmer. Rss., 
Rcuss, S. K., Savilc^ Kent. Schliit., SchlUter. Soli., Sollas. Steinm., 
Stcinmann. Stew., StcKart. Stuck., Stuckenberg. Stutchb., StiUchhvnj. 
Tojis., Topseni. Tschem., Tschcrnyschcw. Vejd., Vejdoicsky. Vosni., Vos^naer. 
Wale., WoUcoU. Welt, Weltner. W. Th., IFycille-TTunnson. Z., Zittel 

Addendum. 

Since the above chapter was in print a remarkable type of calcareous 
sponge has been discovered by Dr. Willey. It was found by him 
growing on dead coral in Sandal Bay, Li fa, Loyalty Islands (Western 
Pacific). A description of this organism under the name AstroscUm 
IVilleyana will shortly be published in Dr. Willey’s Zoological Results^ 
Part IV., by Mr. J. J. Lister, to whose kindness we are indebted for the 
following description, compiled from advance proof-sheets of his work, as 
well as for the two figures here given (Fig. 97, A and B), 

Tlie four specimens obtained of this sponge were cylindrical in fonn. 
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about 10 mni. in height by 5 mm. in breadth. The openings of the 
canal system are confined to the upper surface (Fig. 97, / cf. Tentorium^ 

Fig. 31). 

The skeleton of AdrmUm is composed, not of spicules, which are 
entirely wanting, but of calcareous spherules^ which arise in cells of the 
dermal layer near the upper surface. Each spherule is deposited within 
a single cell, and is from the first composed of radially arranged crystalline 
fibres. Its form is at first spherical, but by further increase in size 
adjacent spherules come into contact, and the interspaces between them 
become completely filled in by continued deposition of the calcareous 
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Aitrosclera IViUcyana, Lister. the siK>Dge magnitied about three diameters; p.s., upiwir 
Hiirface carrying the ownings of the canal system; b, base of attachment. section of the 
skeleton; sph,^ syhertileH; c, canals. (Drawings by Mr. J. J. Lister.) 

substance, to the exclusion finally of the soft parts. The spherules thus 
ac(|uire a polyhedral form (Fig. 97, B, sph.), and by their union build up 
a solid calcareous skeleton without any admixture of soft parts, but 
traversed by canals in which arc lodged the soft tissues and the canal 
system of the sponge (Fig. 97, 7>, c). In the basal (older) i>art of the 
sponge the canals became obliterated, apparently by extension iinvards of 
the spherules forming their wall; just as in pedunculate sponges the 
canal system is wanting in the stalk. 

The spherules are composed of aragonite, and contain an organic 
basis which has the same staining reactions as that of the spicules of 
Calcorea. 

The canal system is of a leuconoid type with small spherical ciliated 
chambers opening into branched canals. There is no large centnil 
gastral cavity, but a number of excurrent canals [which perhaps i-epreseiit 
gastral cavities reduced in size] run vertically upwards to open on the 
upper surface, alternating with incurrent canals similar in appearance and 
aiTungeraent Some ova and larvae were observed, the latter apparently 
of a parenchymula type. 

The affinities of this curious organism are very doubtful. It is un¬ 
questionably a sponge, and the material of its skeleton is carbonate of 
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lime, but the fact that it is in the form of aragonite may indicate that 
AiiTOsdeTa is genetically distinct from the true Calcarea, in which the 
skeleton is invariably calcite. On the other hand, it is possible tliat the 
spherules have in the course of phylogeny replaced a skeleton of calcite 
spicules originally present In some Pharetrones a similar skeleton of 
spherules is known (Zittel), but in such cases the spherules are generally 
regarded as a secondary formation due to recrystallisation of the lime 
during fossilisatioii. Under these circumstances it seems better to class 
AAmcltm as the type of a new family ABiroicleridiiey possibly allied to 
the Pharetrones, but certainly without close affinity with any other known 
group of sponges ” (Lister). 

A larger specimen of the same genus and probably of the same species 
of sponge has recently (November 1899) been detected by Mr. Kirk¬ 
patrick of the British Museum (Natural History) in a collection of 
marine organisms dredged at Funafuti (Gilbert Islands). 
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Acanthdlay 163 
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AcanDiodictya^ 123 
Acauthwnetridae^ 43 
AcanihorrhaphiSf 153 
Acant/iosacais, 122 
Acamus, 138, 152 
acerate spicules, 101 
Acervochalina^ 161 
Achelidemui, 152 
Aciculina, 78, 146 
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tion, 160 

Adculites^ 149 
acrepid, 135 
actiuoblast, 40, 107 
aesthocytes, 47 
Agdas^ 152 
alate spicules, 102 
Alectmm^ 151 
Algols 148 
Amnwctynia^ 154 
4 1 mmoconulat\ diagnosis 

and genera, 154 
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72, 85, 120 

amoeboid movement in 
collencytes, 52 
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Amphiastrellay 152 
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Amphihleptida^ 149 
amphidisc, 188 
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Am2)hilectu8f 152 
Amphispongiaf 123 
AmphispongUlae^ 123 
amphitriaene, 134, 146 
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AmphiiUe^ 110 
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anatriaene, 133 
Ancorina^ 148 
Anisoxya^ 150 
Anomodadidcie^ 149 
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Anmnocloiiella, 149 
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Aniarts^ 148 
Antlunstra^ 148 
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system, 35, 130 
aphodus, 34, 127 
Apkome, 122 
AphrocaXlistes^ 124 
apical formative cell, 107 
~ ray, 101 

AplysUlOy 44, 64, 78, 154 
AplysUlidae, 141, 144, 153 
— diagnosis and genera, 
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Aplysina^ 26, 164 
Aplydnidae^ diagnosis and 
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aragonite, 167 
archoeocytes, 31, 57, 62, 
63, 69, 73. 76, 80, 83, 
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Ardiaeoscyphid, 149 
ArchaxMcyphidaey 149 
arenaceous sponges, 42, 
144 

I Artaaisina^ 152 
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105 

Ascaltis^ 110 

Ascandra^ 54, 66, 94, 100, 

no 

Ascettat 109, 110 
Asconema^ 7, 122 
AaconeuuUidax^ diagnosis 
and genera, 122 
Ascons, 7, 31, 51, 59, 64, 
85, 89, 90, 92, 109, 110, 
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Ascyasa^ 109, 110 
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Asteractinella^ 166 
AstewpvLi^ 160 
Astraeospmgia^ 154 
Aslroboliay 150 
Aslrocladia^ 149 
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170 


INDEX TO THE PORIFERA 


mtoskeletoo, 87 
axes (geomeMc) of spicules, 
87 
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Axinellid type of skeleton, 
140 

axis (organic) of spicules, 
40,100 

Axonuferma, 152 
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Barrois, 76 (footnote), 80, 
165 

basal formative cell, 107 

— ray, 10.1 
bosalia, 118 

Bothydorust 122 

JkUhyxiphu8^ 124 
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blastogenesis, 73, 80 
blastomeres, 65, 68, 80, 83 
blastnla, 68, 78 
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Bowerbank, 165 
Brachifutpongia, 123 
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Brcitfuss, 165 
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BiibariSf 152 
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Calcarea, 1, 8, 24-27, 40, 
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58,91,92-111,157,161, 
162, 164,166 
calcareous spicules, 40,100 

— origin of; 161 
Galcaronea, 109 


Calcines, 109 
CallipeUa, 149 
CaUodictycn^ 124 
CaUodictyonidae^ 124 
CaUopegma^ 148 
CaUhropeUay 147 
calthrops, 132, 135 
GatycozaccuSy 122 
OalycosMiMLy 122 
CMy^nmatiiicLy 149 
Cameroaponguvy 124 
Qaminusy 148 
canal system, 85 

— defined, 31 

— general account of, 31* 
37 

— of Calcarea, 92 

— of Demospongiae, 125- 
130 

— of Helerocoela, 96-100 

— of Hexactmellida, 111- 
116 

— of Homocoela, 92-96 
candelabrum, 134 
Carnosa, 1, 157, 162 

— diagnosis and classifica¬ 
tion, 146, 147 

Carpospongioy 150 
Carter, 49, 56, 85, 86, 89, 
158, 164 

Carteriospongia, 153 
GarteriuSy 152 
Garyomanony 150 
Garyospongioy 150 
Oasearioy 124 
Gasterella, 149 
Gaulocalyx, 122 
CatdophcuuSy 7, 36, 116, 
122 

cellules sph^nileuses, 49, 
59, 144 

CelyphiOy 111 

cement (siliceous) uniting 
spicules, 41 
central ceUs, 76 
centrotriaene, 184 
Ceph(dit€8y 125 
Cemochali'nay 151 
Cer6am, 152 
CerdaamcLy 142 
Cholinoy 151 
Ch4Uinina€y 156 

— diagnosis and genera, 
151 

Chalinine type of skeleton, 
140 

Chalin/ula, 80,151 
chamber layer, 112 
chambers, Hsgellated, 82 
Charoeella, 147 
CffMunopUetelia, 122 


chela, 188 
Ghenendeporoy 150 
ChiaatocloneUay 149 
Ghiaatoclonellidaey 149 
chlorophyll, 25 
choanoc^s, 27, 53, 62, 
121 

Choanoflagellata, 27, 58, 
62, 89, 159, 160 
choanosome, 128 
chondrenchyma, 52 
Ghondrilla, 147 
Chondrocladioy 152 
Gfumdropsis, 152 
Chondroaioy 145, 147 
Ghondrosidoty 145, 147 
chone, 36, 129 
Chondasinay 124 
Chondloy 150 
Choristida, 135, 157, 163 

— diagnosis and classifica¬ 
tion, 147, 148 

Chrotdloy 147 
CinackyrOy 147 
Cinclidermoy 124 
docalyptoy 153 
circulation, 86 
Gladocrocey 152 
Cladopdtidaey diagnosis 
and genera, 149 
cladome, 132 
Gladorhizay 152 
cladus, 132 
GlathriOy 152 
ClathHnay 20, 27, 56, 58, 
69, 73, 75, 82, 90, 110, 
160, 161 

— budding, 64 

— colours of, 25 
Glathrinidacy 7, 48, 53, 98- 

95, 100, 103, 104, 107- 
110, 119, 145 

— diagnosis and genera, 

no 

CUUhriodeTidrony 152 
GlathriopMttm€Ly 152 
Claviscopulioy 123 
clavula, 117 

Clavularla, diagnosis and 
classification, 128 
Clavulina, 42, 78,140, 146 

— diagnosis and clasidfica- 
tion, 151 

Clitnacotpongia, 158 
Clionoy 67, 78, 80, 151 
Cliowidaey 88 

— diagnosis and genera, 
151 

cloaoal cavity, 85 

— skeleton, 186 
clone, 184 
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f'ticuiUliaairxiVih 150 
VocUiCorypf^ 160 
CiH^hpty^ulae, 124 
t\»eloptychiwn^ 124 
Cocioseyphia, 125 
collar, 27, 54, 55, 121 

— cells, 27, 53, 121 
collenchynia, 52 
colleiicytes, 52, 62, 120 
CidUneUa, 148 
collum, 54 

colony, modifications of, ?n 
sponges, 5, 16 
CtilospotigUi, 111 
colours of sponges, 24 
Cotnetella, 151 
romitalia, 119 
connecting fibres, 141 
connective tissue, 51, 81 
Ctmocoelia, 111 
consistence of sponges, 26 
contractile cells, 44 

— vacuoles in collar cells, 
54 

contractility, 4, 29, 30, 87 
conuli, 141 
CoppaivM^ 150 
Cktppaliuia^ diagnosis and 
genera, 150 
CoixUlistea, 149 
ihraUUiidae^ 148, 150 

— diagnosis and genera, 
149 

Comacuspongiae, 78, 146, 
163 

iStmtUuni, 152 
cortex, 32, 97, 105, 129, 
136, 162 

cortical skeleton, 105 
VorticelfUf 147 
(JvrticUltie, 134 

— diagnosis and genera, 
147 

fWlicium, 147 
CiH'ynella^ 111 
Citaciiioilenna, 153 
Cosdnoporaf 124 
Coscinoporidatt diagnosis 
and genera, 124 
CraniMa^ 67, 147 
VfoUroimrphaf 122 

CrtAvctUaruif 124 
crepis, 134, 162 
Crispispongiat 111 
Crustacea in sponges, 88 
cuticle, 42, 44 
cuticular secretion of 
spongin, 141 

— secretions, 41, 43 
cuttings, propagation of 

Hiiougcs byi 64 


Cyathuphycuf^ 123 
Cydoniunif 148 
CylindTophyuw^ 149 
CypeUiti^ 124 
Cyrtaulon^ 124 
cystenchyme, 52 
cystencytes, 62, 62 
Cystispongia^ 124 
cytoplasm of collar cells, 
54 

DactyloccdyXf 124 
Daedalopditu 149 
Damir ia^ 151 
Darioindla, 43, 140, 141, 
154, 164 

deep sea, influence of life 
ill, 23 

Delage, 49, 82, 158, 159 
Deinospongioe, 1, 24, 26, 
37, 40, 46,47. 52, 78, 91, 
125-154, 156, 157, 161- 
164 

— canal system, 125-130 

— classification, 146-154 

— embryology, 78-81 

— pbylogeny, 161-164 

— skeleton, 130-144 

diagnosis and 

genera, 152 
Dendcn'yXy 152 
Dendrilla^ 141, 154 
dendritic sponges, 22 

— type of skeleton, 141, 
164 

Dendroceratina, 1, 78, 145, 
146, 153, 163 

— diagnosis and classifica¬ 
tion, 154 

Dendroclotidla^ 149 
i)endropais, 153 
Dendy, 76 (footnote), 110, 
157 

Dexuiya, 94 
DercitxiSt 147 

dermal epithelium, 27, 42, 
43, 81 

— layer, 27, 84 

— membrane, 97,112, 12 O 9 
127 

— pores, 127 
dermalia, 118 
desma, 41, 62, 134 
DesmacellOf 152 
Deawacidofit 152 
Desmaetdonuiae, 152 
desmacytes, 52, 62 
Denmnikidae^ 148 

— diagnosis and genera, 
149 

Dtsmanihxu^ 149 


Deszd, 67 
diactinal, 38, 116 

— spicules, 137 
diaene, 133 
Dialytina, 109, 111 

— diagnosis and genera, 
110 

tliapedesis, 69 
Diaplectiat 111 
dichotriaone, 134 
JHctyoccdyXt 122 
Dictyoceratiua, 1, 46, 80, 
140, 146, 163 

— diagnosis and classifica¬ 
tion, 153 

dictyonalia, 119 
iJiciyondlay 153 
Dictyoniua, 1, 8, 119, 121 
(footnote), 156, 157 

— diagnosis and classifica¬ 
tion, 123-125 

Diciyophytont 123 
Dictyospoxujida^ 123 
digestion, 86 
dilophous, 134 
di])lo4lal type of canal 
system, 35, 130 
DiplotlictymUf 124 
DirrhojxtJ um ,152 
discoctasters, 120 
/Jiscodcnnia, 148 
discohexactine, 117 
(liscoliexaster, 117 
/fiacostivmOf 150 
distribution, 86 
Disyringu^ 3, 13, 36, 125, 
148 

DitriaeneUa^ 147 
diverticula, 7, 32, 90, 93, 
96, 104 

division of collar cells, 56 
Dobie, 56, 158 
Dorydesxnia^ 149 
IhvryplereSy 150 
Dotona, 151 
DragmoMira^ 148 
Dujardin, 89, 158 

Ebner, 101 

I echiuating spicules, 140 
EchinocUUhriOy 152 
I Echinodictyum, 152 
Echinonema^ 152 
Ecwncmat 148 
ectoclione, 129 
ectoderm, 81, 82, 158, 

159 

ectosome, 128 
Ectyoninacy 156 

— diagnosis and genera, 
152 
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Ectyoniue type of skeleton, 
140 

Ectyonopsis^ 152 
EilhardiOy 9, 110 
Stastmocoelia^ 111 
ElaanmsimncLi 111 
elastic fibrils, 49 
embryology, 67 
Enautioderma, 159 
Eoantiozoa, 159 
endochone, 129 
endogastral networks, 48, 
96 

endoderm, 62, 73, 81, 158, 
159 

Eogfxmgia^ 150 
EpaUax, 150 
Ephydatia^ 152 
Kpikmiella^ 150 
epithelium, 27 
Erylina^ diagnosis and 
genera, 148 
Erylus^ 148 
EspereUa^ 88, 152 
Esperdlinas, diagnosis and 
genera, 152 
Esperia^ 152 
Esperv^psiSy 23, 152 
EOieridginf 124 
euaster, 134, 135, 138, 155 
Etmaterinu, diagnosis and 
genera, 148 
Eiiaatrom, 147 
Euhro€hv.\ 124 
Eudea^ 111 
Endictyum, 122] 

Euvuistia, 1511 
Eupleetella, 6, 37, 41, 64, 
116, 120, 122 
Euplectellidae^ diagnosis 
and genera, 121, 122 
Evph4ddlin(Uy diagnosis 
and genera, 122 
Eupfttcafia, 110 
Eurrfe, 124 

Eurftulae, diagnosis and 
genera, 124 

Euryplegma, 7,23,115,122 
eurypyloiis type of canal 
system, 84, 99, 130 
Ensiphonellat 111 
EMpongia^ 20, 153 
EnapfmgilliiuUt diagnosis 
and gen€i% 151 
SwUixidadiniUt 150 
EiaiUetia, 111 
Enins, 42, 58, 88, 188 
excretion, 87 

excnrrent canals, 88.81,99, 
118, 126 
— duct, 97 


exhalant canals, 33 
exoderin, 62 

Fan-shaped sponges, 22 
Farmi, 119, 123 
FarreUiive^ diagnosis and 
genera, 128 

fertilisation of ovum, 61 
fibres of spongin, 42 
fibrillae of spongin, 42, 49, 
142 

Ficitlina^ 151 
Fiedler, 58, 60 
Fieldingia^ 124 
filaments, of llircinia, etc., 
142 

Filiferae, 143 

first type of canal system, 
31, 32 

fixation of sponges, 2 
flabellate sponges, 22 
flagella, 87 

flagellated cells, 69, 76, 78, 
80, 84 

— chambers, 32, 90 
flagellum, 27, 54, 85, 121 
flat epithelium, 27* 42, 81, 

120 

flesh spicules, 89, 100, 137 
floricome, 117 
Fol, 143 
Forcepicu, 152 
formative cells, 107 
Fnsi/er, 152 

Ganin, 82 
Garstang, 88 
gastral actinoblast, 108 

— cavitj', 3, 35, 71, 81 

— layer, 27, .53 

— iuentbr.aue, 112 

— ray, 101 

— ray, formation of, 108 

— skeleton, 105 
giistralia. 119 
CSastwphamUat 149 
delliodes^ 152 
UeUiodiime^ diagnosis and 

genera, 152 
GelliiiSy 151 
gemmule, 65 
Oeodia^ 148 

Oeodidae, diagnosis and 
genera, 148 

Oeodina, diagnosis and 
genera, 148 
OeoditeMf 148 
glandular cells, 188 

— epithelium, 27, 42, 46 
0<mph4>$tegiaf 152 
gonocytes, 60, 62 


Gotte, 82, 158, 159 
Oranteasm 110 
(Jra^Uia^ 9, 47, 110 
Grantuiaet diagnosis and 
genera, 110 
Gray, 165 
Guattardia, 124 
Guitaira, 152 

Hcibrodictyim^ 122 
Hadromerina, 1, 146, 163 

— diagnosis and classifica¬ 
tion, 150, 151 

Haeckel, 26 (footnote), 87, 
51, 62-64, 89, 96, 101, 
109, 142, 143, 158 
Ilfdichxytidriaf 56, 88, 151, 
157 

Halichondrino, 1, 78, 80, 
140, 146, 163 

— diagnosis and classific:!- 
tion, 151-163 

Ilcdicnemia^ 153 
JlatieoineteSf 151 
JIaliaarca, 44, 79, 82, 146, 
154 

ffalisarcidae, 146,153,164 

— diagnosis and genera, 
154 

Jfamacantfia, 152 
Hamigeray 152 
HaplUtimit 153 
Ilaploscleridaef 144 

— diagnosis and genera, 
151 

Heider, 158 
lleinuistereHa^ 150 
Hertwigia, 122 
Jiertxmgidaet diagnosis and 
genera, 122 

heteractiiial spicules, 155 
Heteractinellida, 154, 155, 
157, 162 

— diagnosis and classifica¬ 
tion, 156 

Heterocoela, 1, 8, 75, 109, 
164 

— canal system, 96-100 

— diagnosis and classifica¬ 
tion, 110 

— skeleton of, 105 
heterogeneous spongin 

fibres, 141 
HetertyineyeniOt 152 
Hateropegmot 100,109, 110 
Heteraphymiat 149 

HtUmpifiy 110 
HHerppidaet diagnosis and 
genera, 110 

HUmirrhaphidoBf 151,152 
HeUroitinia^ 149 
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HtUroxya^ 160 
Hezftceratina, 146,168,164 
hexactinal, 88, 116 
HiOMctinella^ 124 
hezEctines, origin of, 162 
Hexactinellida, 01,111-126, 
166, 167, 16M64 
HtxaMla, 145, 154 
Hezactinellids, 40 
hezMter, 117 

Hezasterophora, diagnosis 
and classification, 121, 
122 

Higginda, 153 
HiinateUa, 111 
Hinde, 154, 157, 162, 165 
Hindia, 150 
Hindiadae, 150 
Uircinia, 142, 153 
hispid cortical skeleton, 
105 

— dermal skeleton, 136 
hispidatiug spicules, 136 
bistocytes, 62, 73, 84 
Hiatoderma, 152 
histogenesis, 73, 80 
histology, 43-63 

— of Olynthus, 27 
HoUtaciiubt, 119 

— diagnosis and genera, 
122 

Holaacus, 119, 122 
Holaaterella, 123 
Holcospongia, 111 
holoblastic segmentatiou, 
67, 68 

Holodictyon, 149 
Uolopaamma, 154 
Holoxea, 150 
Homaeodictya, 152 
Homandra, 110 
HimaMeriiML, diagnosis and 
genera, 148 

Homocoela, 1, 109, 164 

— canal system, 92-96 

— diagnosis and classifica¬ 
tion, no 

— skeleton of, 108-105 
homogeneousspongin fibres, 

140 

HwMnrhaphidiu, 161 
Ho|dophora, diagnosis and 
classification, 148, 149 
Handeshagou, 42 
ffyaUucus, 122 
Jiyalonema, 41, 128 
Hffalotumaiidae, 118, 115, 
117, 119, 121 (footnote) 
diaipiosis and genera, 
128 

Eyahnematinae, 128 


Hyalospongiae, 1 
Hyalostelui, 123 
Hyalostyltu, 122 
Uyalotragoa, 150 
Hydrozoa in sponges, 88 
Hymedesi/iia, 151 
Hyntentacidon, 153 
Hymeraphia, 152 
Hytiierhabdia, 152 
hy podermalia, 119 
hypophare, 126 

lanthella, 141, 154 
immigration, 69, 75 
impersonal coiulition, 21, 
91, 125 

incrusting sponges, 22 
incurrent canals, 32, 97, 
127 

individuality, 89 

— loss of, 20, 91, 125 
Inermia, diagnosis and 

classification, 124, 125 
inhalant canals, 32 
Imtbolia^ 111 
intercaual system, 93, 96 
intracellular spongin, 50 
lopiwn, 152 
loirochoia, 152 
irregular type of skeleton, 

I 135 

I hdvadites, 123 
Jsops, 148 
I laoraphinia, 149 

I James-Clark, 54, 62, 89, 
158 

Jcrea, 149 
Jereicxi^ 150 
Jorunna, 88 
Joyeuxia, 152 

Kaliapsis, 148 
Kalpindla, 149 
Kcdykenteron, 162 
Kazania, 150 
Keller, 43, 120, 137, 165 
Keratosa, 1, 3, 24, 26, 78, 
80, 139, 145, 146, 156, 
157, 163 

— diagnosis and classifica¬ 
tion, 153, 154 

— skeleton of, 140-144 
Kirkpatriclc, 168 
Kfiruerzelleii, 76 (footnote) 
Krukenbeig, 26, 42 

Zatnontia, 110 
Lankester, 69 
LanugintUa^ 122 


JdnvgineiUviae, diagnosis 
and genera, 122 
larva, 69, 73, 78, 89, 160 
larvae of Demospongiae, 
144 

LaMocladia, 153 
lateral ray, 101, 105 
Latrunculia, 151 
Laxoaiiberites, 151 
Lecanella, 149 
L^royella, 124 
LeiodertneUiuvt, 149 
Leiodorelloj 150 
Lelapia, 106, 110 
Lendeiifeld, 44 (footnote), 
46, 47,57 (footnote), 116, 
141, 142, 156, 163, 165 
Leptophragma, 124 
Ijeptosia, 152 
Lessepsia, 152 
Leucandra, 19, 48, 99, 110 
Leucascua^ 110 
LeucUla, 99, 110, 113 
Louckart, 62, 158 
leiiconoid type of canal 
system, 98-100, 167 
Leucons, 90, 92, 96, 109, 
113 

Leucopaacinae, diagnosis 
and genera, 122 
Leitcopaaciis, 122 
LfAicosolenia, 17, 51, 56, 
110 

Leiicosolemidae, 7, 48, 64, 
75, 93, 94, 100,101,104, 
105, 107, 145 

— diagnosis and genera, 

no 

Leucyssa^ 110 
Licmosinitm, 125 
Lieberkiihn, 85, 86, 89, 
158, 164 
lipogastry, 4 
lipostomy, 4 
Liaaodendiiryx, 152 
Lister, 166, 168 
Lithistida, 41, 134, 135, 
157, 162 

— diagnosis and classifica¬ 
tion, 148-150 

LUfumina, 109 
Lithoninae, diagnosis and 
genera, 111 

Loisel, 49, 59, 86, 87, 89, 
143, 144 

lophocalthrops, 134 
Lophocalyx, 64, 122 
lophotriaene, 134 
DUxmirskia, 151 
Lkitffaria, 154 
Lyidium, 149 




174 


INDEX TO THE FORIFERA 


Lymnoreat 111 
Lyssacioa, 1,3,116,119,156 

— diagnosis and classitica- 
tion, 121-123 

Maas, 49, 57, 80-82, 96, 
107, 144 

Maatndrticia^ 149 
macromeres, 80 
Maeandrospongxdae^ diag¬ 
nosis and genera, 124 
Magog ^ 150 
Maiacosaccus, 122 
maltha, 51 
Man tell, 7 

mantle of spongoblasts, 46, 
141 

Margaritella^ 124 
marginalia, 118 
Marshall, 142 
MarshaUia, 124 
massive sponges, 22 
Masterman, 67 
MastosMf 149 
maturation of ovum, 61 
Megalithista, 149 
Megamorina, 149 
megascleres, 100, 130, 137 

— definition of, 39 
Meliiderma^ 162 
MdlUtiunidaef diagnosis 

and genera, 124 
MrUonympha^ 122 
Melona ndurra, 152 
Mdonella^ 149 
membrana reticularis, 121 
Mennnetia, 151 
Merejkowsky 44 (footnote) 
mesoilenn, 63, 73, 81, 85 j 
mesogloea, 51, 86 j 

mesotriaeiies, 146 
metaiuorpliosis, 69, 81, 84 
Metschnikotf, 73, 80, 82, 
85, 86, 165 
Metschnikoxcia, 151 
Meyeniat 152 
Meyeninae^ diagnosis and 
genera, 161, 152 
microcalthrops, 134 
Microcmw^ 152 
micromeres, 80 
microrhabdtts, 134, 135 
jnicroscleres, 100,130,137, 
138 

— dednition of, 39 
Microsclerophora, diagnosis 

and classification, 147 
Microtriaenosa, diagnosis 
and classification, 146, 
147 

Microtylotella, 152 


Miklucho-Maclay, 64 
Miuchin, 57 

mouactinul spicules, 38, 
116, 137 
monaene, 133 
Monakidae^ 123 
Monanchora, 152 
inonaxon spicules, 38, 116, 
133, 137, 163 
Monaxonida, 1, 3, 23, 24, 
26, 80. 145. 146, 156, 
157, 163 

— <liaguosis and classifica¬ 
tion, 150-153 

— skeleton of, 137-140 
Monoceratina, 153 
inonocrepid, 135 
Monocrepiiliuin^ 149 
monolophous, 134 
morphogenesis, 73, 81 
multipolar immigration, 75 
My linn ia^ 124 
myocytes, 44, 62, 144 
MyriastrcL, 148 
Myrmtdumy 111 
Myxilla, 152 

Myxospongtda, 1, 26, 52, 
145, 146, 164 

— diagnosis and classifica¬ 
tion, 154 

Nefifiatrinion, 149 
Neopeltidae, diagnosis and 
genera, 149 
FeopeltiSy 149 
Neosiphoniay 148 
nephrocytes, 57 
nervous system in sponges, 
46, 87 

networks in gastral cavity, 
48, 96 

Nipterellay 150 
Ndldeke, 83, 158, 159 
non • articulated tubar 
skeleton, 105 

Nudibranclis, feeding on 
sponges, 88 
nutrition, 85 

Oceanapioy 162 
octactinal spicules, 155 
Octactinellida, 154, 155, 
157, 162 

— diagnosis and classifica¬ 
tion, 156 

OcvUspongiOy 111 
odour of sponges, 26 
Oligosilicina, diagnosis and 
classification, 147 
Olyuthus, 3, 7, 8, 64, 90, 
92, 103, 104, 126, 161 


Olynthus, anatomy and his¬ 
tology, 26 
Onchocladiivaey 149 
Oncoaella, 123 
odgenesis, 61 
OphirfiaphiditeSy 148 
Ophlitaspongia, 152 
Ophryatomoy 124 
organic axis of spicules, 40, 
100 

organogeny, 81 
orthotriaene, 133 
OacareUOy 44, 49, 64, 127, 
145, 147, 154, 160, 164 
OacarellidcLey 146, 164 

— diagnosis and genera, 
154 

oscular rim, 27, 93 

— tubes, 93 

OKCulum, 3, 27, 35, 72, 85, 
87 

ostia. 33, 36, 48, 85, 97. 

127, 129 
overgrowth, 71 
oxeote spicules, 101, 137 
oxynstur, 134 
oxyhexactiue, 117 
oxyliexaster, 117 

Pachastrellay 147 
Pacltastrellidaey diagnosis 
and genera, 147 
Pachiniony 150 
Pachychalinny 151 
Pcvchyimtismay 148 
Pfwhyjnderkmy 149 
PachyteichisunOy 125 
Pachytilodioy 111 
Palaeimianoiiy 150 
Palaeosaccusy 123 
pulpocils, 47 
Papynda^ 148 
Parazoa, 159 

parenchyma, 31, 51, 85, 
120 

parenchymal skeleton, 106, 
119 

parenchymalia, 119, 167 
parenchymula, 69, 76, 80, 
145 

parietal gaps, 37, 116 
Pannula, 162 
parthenogenesis, 67 
Patteraoniaf 123 
Patteraonuiae, 123 
peduncle, 3 

peduncular skeleton, 105 
pedunculate sponges, 4 * 
Pekelharing, 55, 67, 85, 87 
pelagic larvae, 78 
PeUina, 151 
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PemviatiteSt 150 
Penares^ 148 
pentactinal, 38, 116 
PericharaMi 110 
PtriphrcLg^Uay 124 
peristomial skeleton, 105 
PtrontUa^ 111 
Peronidella^ 111 
person, modifications of, in 
sponges, 5 
Perty, 89 
Ptiroinica^ 149 
Petrosia^ 151 

Petrostroma, 100, 106, 109, 
111 

phagocytes, 58, 62, 85 
phagocytosis, 82, 83 
Pluikdliay 23, 153 
Pharetronidaey 106, 109, 
157, 168 

— diagnosis and genera, 110 
Pharetrospoiigiay 111 
Phellodertiuiy 152 
Pheronemay 123 
PhlotodicHnaey diagnosis 
and genera, 152 
Phlyctmiumy 125 
PhUidodadia^ 149 
P/wriosponguiy 162 
Phonnosella, 123 
Phyllospongia, 153 
Pkyviaplectiay 149 
Phymcddloy 148 
Physcapkoray 148 
physiology, 85 
PiLodirotOy 148 
pinacocytes, 44, 62 
pinulus, 117 
Placonelloy 149 
Placoplegniay 122 
PlacortiSy 147 
Placospongiay 148 
Placospmigitlaey 133, 145 
—diagnosis and genera, 148 
Plcbcotremoy 124 
PlaUnay 78, 82, 126-129, 
145, 147, 162 
Plakinastrdloy 147 
PlaJkinxdaty 162 
—diagnosis and genera, 147 
PlaHnolophay 147 
planula, 82 
plasmodium, 41 
Platychxmiay 150 
PUeti$p(iy 152 
PlectoSUrvMiy 123 
PUetospongxadfUy 123 
Pleromay 149 

PlmmidtUy diagnosis and 
genera, 149 
pleuralia, 118 


Pleuropey 124 
PleurosUnnOy 124 
PlinthoaellOy 149 
Plocamiay 152 
Plocoacyphioy 124 
plumicome, 117 
PluvwhMlichyiuirUiy 152 
plumose fibres, 140 
Pocilluny 152 
PoedllcLstray 147 
PoecUodadinidaCy 149 
PoecUosderiiiaey 138, 145 
—diagnosis and genera, 152 
Polejaeff, 60,100, 105, 109, 
142 

Polejnay 110 
PoliofXHjony 7, 119, 123 
PdlakidcUy 123 
poly.axon, spicules, 39,132, 
134 

PolyUastidiumy 125 
Polyjereay 149 
Polylophmy 122 
PolyitvastUiy 151 
Polymastiidaty diagnosis 
and genera, 151 
Polysteganinaey 111 
pores, 3, 27, 35, 85 

— formation of, 72 
PoritellOy 149 
PoTochoniay 124 
Porocypelliay 124 
porocytes, 27, 28, 48, 62, 

71, 85, 108, 144 
Porospotigitty 124 
Porosponginaty 124 
posterior granular cells, 69, 
71, 73 

— ray, 101, 105 
PutamcHepiSy 152 
Poterioriy 151 
VoTzidlay 152 

primary cell differentiation, 
73 

— spicules, 40, 131 
principal fibres, 141 
principalia, 119 
Prophystniay 154 
prosodus, 35, 49, 127 
prosopyles, 33, 48,126,127 
prostalia, 118 
Pro8vberite8y 151 
ProUidUUeumy 150 
Pi'oteUiay 188, 151 
Protero8p<mgiay 160 
Protolynthus, 31, 161 
Protospongitty 128, 157 
Protospongidaey 123 
Protoayccmy 111 
protrisene, 133 
P8amm€istra, 148 


Psamminay 154 
Psamminidaey 142 

— diagnosis and genera, 
154 

Psamnwdemay 154 
Paavtinopemmay 142, 154 
pseudoderm, 95, 97, 104 
pseudogaster, 23, 95, 116 
psendopodio, 71 

— in colleucytes, 52 
pseudopore, 95, 97 
pseudosculum, 23, 95 
pseudoskeleton, 37 
Pseudomberites, 151 
Purisiphoniay 124 
Pycnopegviay 149 
pylocyte, 48 
Pyi'gochonia.y 150 
Pyritonemay 123 
PytheaSy 162 

quadriradiate spicules, 101 

— formation of, 107, 108 
(^lasilinay 151 

Rachdloy 147 
Paaniisctclay 148 
radial tu1>es, 96 
radiate type of skeleton, 
136, 140 
Radiolaria, 43 
Ragadiniay 149 

Raphuimienuiy 111 
Raphiditphlusy 152 
Raphisuty 151 
Raspailitty 163 
Rauff, 109, 134, 165 

Rauffi^iy 111 
ReceptdcuHtesy 123 
Receptaculitiiiouiy 123 
RegadrdlOy 6, 122 
regular triradiates, 101 
Renieray 69, 67, 144, 151 
Renierinaey diagnosis and 
genera, 161 

Renierine type of skeleton, 
140 

ReniockcUifiay 151 
reticulate type of skeleton, 
140, 141 

RhabdasUrinoy diagnosis 
and genera, 148 
Rhabderemiay 152 
rhabdi, 187 
RhabdocalyptuSy 122 
Rhdbdodictyumy 122 

rbabdome, 132, 163 

KhabdopUctdlay 122 

Rhabdosa, 149 
rhabdus, 116, 188 
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Rhagon« 64, 125, 135,164 
KhaphidistiOf 150 
Rhaphidcrus, 151 
Rhaxdla^ 148 
KhizoxindlOf 151 
Rhizochalina, 152 
Rhizomorina, 148-150 
Rhixopoterionf 125 
RhopcUoapongia, 149 
RicUeia, 151 
Ridley, 157 
Ritnella^ 148 
Roemer, 155 
root tuf^ 3, 41, 88, 118 
rosette, 117 

— cells, 80 
Rossdl^ 122 

Rossdlidai^ diagnosis and 
genera, 122 

Rossellinatt diagnosis and 
genera, 122 
Rostangat 88 

Saccocalyx^ 122 
sagittal triradiates, 101 
Samibs^ 147 
sanidaster, 134 
Sanidasterina^ diagnosis 
and genera, 148 
Sanidastrella^ 148 
sarcenchyma, 52 
Savile-Kent, 55, 89, 158 
SceplrifU'kis^ 151 
Schaudinnuif 121, 122 
SchixoThabdmt 125 
Schmidt, 143, 165 
Schulze, 42, 44 (footnote), 
52, 62, 64, 76 (footnote), 
111, 120, 121, 127, 135, 
143, 156, 159, 162, 165 
Seteritoderma, 149 
Sderitodermidae, <liagnosis 
and genera, 149 
scleroblasts, 27, 39, 47. *3, 
62, 107, 120 
Scttrochalina^ 151 
Sderokalia^ 124 
SderopUgma^ 124 
Sderothamnuf, 124 
Scolopu, 150 
scopula, 117, 118 
Scopnlaria, diagnosis and 
classidcation, 123, 124 
Scyphidium^ 122 
Sq/talia^ 149 

second type of canal 
system, 32 

secondary cell differentia¬ 
tion, 78 

— spicules, 40,181, 184 

— symmetr}*, 28 


segmentation of ovnm, 67, 
68, 73 

Seiriola^ 148 
Sdiscothon, 150 
SemisuberiteSf 151 
Semperella^ 123 
Sefnperellinaef 123 
sensitiveness, 87 
sessile sponges, 4 
Sestrodadia, 125 
Seatrodictyofin 124 
SeatrostomellcLt 106, 111 
Setidium^ 149 
sheath of spicule, 40, 100 
Sideroderma, 152 
sieve membrane of osculum, 
27 

sigma, 138 
sigmospire, 134 
Sigmatella, 152 
Sigmatophora, diagnosis 
and classification, 147 
Signiaxinellaf 153 
Silicea, 162 

siliceous spicules, 40 j 

— spicules, origin of, 161 I 
Siphoniat 13, 148 
Siphontdium, 149 
SiphcnochcdinoLy 151 
skeletal spicules, 39, 100, 

137 

skeletogenous cells, 85 

— layer, 46 

— stratum, 31, 51, 62, 71 
skeleton, 27 

— in general, 37-43 

— of Calcarea, 100-107 

— of Demospongiae, 130- 
144 

— of Hexactinellids, 118- 
120 

— of Keratosa, 140-144 

— of Monaxoni la, 137-140 

— of Tetraxoiiida, 130-137 

— origin of, 161 
smooth cortical skeletoUv 

105 

Sollas, 44, 47, 52, 58, 135, 
148, 158, 159 
adfJUmUa, 158 
Solla8*s membrane, 56 
SpaniopUm, 152 
spermatocyst, 60 
spermatocyte, 60 
spermatogenesis, 60 
s]Mrmato^ninm, 60 
sphaeraster, 184 
Sphamtpmgiat 128 
SphaerctyluBf 151 
124 

^hsnophovina^ 110 


spherule, 167 
sphincter, 27, 86, 46, 48 
SphinctreUa, 147 
spicular kystem, 40 
spicule, definition of, 41 
spicules, 27, 71 

— calcareous, 40,100 

— development of, 40 

— formation of, in Calcarea, 
107, 108 

— morphology of, 87 

— of Dartoinella, 141 

— of Hexactinellids, 11 fi¬ 

lls 

— of Monaxouida, 187, 
138 

— of Octactiuellida and 
HeteractinelUda, 155 

— of Tetraxonida, 181-185 

— organic axis of, 40,100, 
116, 118, 167 

— origin of, 161 

— sheath, 40, 100 

— siliceous, 40 
Spiculispongiae, 146, 168 
SpinosdlOt 151 
Spiractindloy 123 
Spiraatrella^ 43, 151 
Spirastrellidaet diagnosis 

and genera, 151 
Spiroxya, 150 
Spongdiay 154 
Spongeliidae, 142, 144 

— diagnosis and genera, 
158, 154 

Spongtcola, 88 
i^pongidaey diagnosis and 
genera, 153 

SpongiUoy 42, 51, 53, 66, 
58, 61, 80, 82, 86, 89, 
151, 159 

Spongillinaey 1, 25, 65, 67, 

137, 138 

— diagnosis and genera, 
151,152 

spongin, 188, 168 

— chemical nature, 41 

— fibres, 26 

spongoblasts, 42, 46, 62 

138, 141 
spongoclasts, 141 
Spongodiscusy 149 
spongophare, 126 
J^oongoicriteBy 150 
spongozoon, 89 

SpaiidqpyUy 124 

SparadoidniOy 125 , 

sporaster, 184 
SUiehynlomgiay 150 
stalk, 8 

StannaHumy 154 




INDEX TO THE PORIFERA 


177 


SUmnomat 154 
8UMn4mida^ 142, 143 

— diagnosis and genera, 
164 

StmnophyUumt 164 
statoc^es, 60, 62, 66 
SULvmjMndta^ 123 
SU/mocalyj^us^ 122 
SUiwodenm^ 124 
Stawrod^TmidUUi 124 
SUiur<)deTmiwUt 124 
Staur<metiui^ 124 
StdUtta, 48, 128, 148 
StdUttidaen diagnosis and 
genera, 148 
SMigerdt 153 
SteUiapongiOt 111 
Stdospongus, 142, 168 
SUphanoscyphus, 88 
sterraster, 134 
Sterrastroaot 148 
Stewart, 47 
JStichophymai 160 
stomions, 127 
Stranibergioy 111 
streptaster, 134, 138 
Strqttasteridae, diagnosis 
and genera, 160 
’’treptastrosaf 147 
trongylote, 137 
3tryphnu8j 148 
Stiickeribergiaf 149 
style, 133 
Stylocordyla^ 161 
Stylocordylidaef diagnosis 
and genera, 160, 161 
StylostichoKt 162 
StyloUUa, 162 
Stylotrichop?wra, 162 
stylus, 116, 137 
subcortical crypt, 129 
subdermal cavities, 128 

— trabecular layer, 112 
Suberites, 88, 161, 167 
SuberUidae, 140 

— diagnosis and genera, 

161 

SuberoteliUi, 162 
subgastral trabecular layer, 
112 

duleaaireUa, 148 
SycatUha^ 110 
110 

SyaUidae, 111 

— diagnosis and genera, 
110 

3 ^, 8 , 27 , 48 , 66 , 66 , 
61 , 76 , 77 , 81 , 83 , 100 , 
106 , 107,110 

monoid type of oaaal 
•yHim. 06, 07 


Sycons, 90, 92, 96, 109 
Syeulmuy 110 
J^cysidf 110 

symmetry, secondary, 23 
SympagMot 122 
Sympylay 149 
synapticula, 119 
syncytium theory, 62 
synocils, 47 

^noptlldy 111 
Synopsy 148 
SyringeUOy 153 

Taegeria, 122 
Taegerinaey diagnosis and 
genera, 122 
Tedanioy 162, 166 
Teganiuvty 123 
Teichondloy 110 
Tentoriumy 13, 20, $0, 161, 
167 

TerpioSy 161 

tertiary cell differentiation, 
73 

Tethyay 64, 67, 150 
Tethyidaey 133, 138 

— diagnosis and genera, 
160 

TethyopsUlOy 147 
TethyopsiSy 148 
TethyorrhaphiSy 160 

TetUkiy 127, 128, 147 
TetiUidMy diagnosis and 
genera, 147 

Tdradadidaty diagnosis 
and genera, 148 
tetracrepid, 135 
tetractinal, 38, 116 
tetractine, 132 
Tetractinellida, 1, 3, 78, 
182, 146, 167 

— diagnosis and classifica' 
tion, 147-150 

tetralophous, 134 
TetrantheUay 163 
tetraxon spicules, 38, 132 

— spicules, origin of, 135, 
162 

Tetraxonia, 162, 164 
Tetraxonida, 1, 146, 146, 
163 

— diagnosis and classifica¬ 
tion, 146-160 

— skeleton, 130-137 

TtudaiMpordy 111 
Thamnoapongioy 149 
Tktcdphira^ 161 
ThMosipihmiay 149 
Thmaa, 147,167 

diagnosis and 
genen» 147 


Thecmellay 148 
thesocytes, 68, 69, 62 
third type canal system, 
83 

TholiasterelULy 156 
ThoosoLy 151 
Thmtctay 164 
Thrinoucophofay 153 
Thrombus, 147 
ThyTfiOsiay 147 
tokocytes, 68, 59, 62, 83 
: Topsent, 49, 69, 65, 67 
127, 144, 166 
tornote, 137 
Toulminia, 124 
toxa, 138 
Toxochodina, 161 
trabeculae, 112, 120 
Trachydy 160 
TrdchycauluSy 122 
TrachycladuSy 160 
Trcuihysi'm.iay 111 
Trachysycon, 148 
TrcLchyUdania, 152 
Tragosuty 153 
Trmnadictyony 124 
Tremaididium,, 149 
Tretodictyidaey diagnosis 
and genera, 124 
TretclophtiSy 149 
triactinal, 38 

— spicules, 101 
triaene, 132, 136 
triaenes, 162, 163 
TriaenosOy 148 
triaxon spicules, 38 

— origin of, 162 
Triaxonia, 111, 162, 164 
Trihrwchwny 13, 148 
Trichasterinc^ 122 
Trichospongidy 153 
TrichosteniTna, 161 
Triksntrimy 188, 153 

’ trilophous, 134 
I tripods, 104 
Trxptolemusy 147 
triradiate spicules, 101 

— spicules, formation of, 
107 

TrochoboltiSy 125 
TrochospongiUdy 161 
trophocytes, 68, 62 

Tubdy 161 
tubar skeleton, 105 

— system, 93 
TubeOdy 162 
TuberOlOy 160 
tnning-fork spicnles, 106 
TuronAoLy 140 
tylhexactine, 117 
TyAosigmOy 162 
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tylostyle, 187 
tylote, 187 
TypUm^ 88 

UncxntUariaf diagnosis and 
classification, 123, 124 
uncinate, 117 
undergrowth, 71 
unipolar immigration, 75 
Uruguayan 152 
UU, 9, 110 
UidlOL, 110 


I Vdinta^ 154 
VeiUricuHteSt 8, 7* 125 
Ventriculiiidae^ 125 
I VeroTigia^ 164 
i Vermcocodiat 124 
I Verrueulinaf 150 
‘ VertidUitea^ 111 
Vetxdinaf 149 
VibiUinuat 153 
VUroUtUa, 122 
Vomerulcty 152 
Vosmaer, 55, 57, 86, 87, 


163, 165 

Vasseur, 64 • VosmaerUi^ 110, 153 

vegetative reproduction, 63 | VosmaeropsiSt 110 


Wcdteria^ 122 
wandering cells, 28, 31 
Weltner, 165 
WiUey, 166 
Wright. 157 

xenophya, 37 
Xenospongioy 151 

yolk grannies, 65, 83 
Vvesiat 152 

I 165,168 
! zoa impersonalia, 91 
: zygosis, 137 




CHAPTER IV 


THE HYDROMEDUSAE.^ 

CLASS HYDROMEDUSAE. 

Order 1. Anthomedusae. 

,, 2. Leptomedusae. 

„ 3. Trachomedusae. 

„ 4. Narcomedusae. 

„ 5. HydrocoraUinae. 

„ 6. Siphonophora. 

Sub-Order 1. Disconectae. 

,, 2. Calyconectae. 

3. Physonectae. 

,, 4. Auronectae. 

„ 5. Cystonectae. 

The organisms which are dealt with in this chapter and the next 
under the class-names Hydromedusae and Scyphomedusae were, 
until quite lately, regarded as being so much more closely allied to 
each other than to any other class of the animal kingdom that they 
were grouped together under the name Hydrozoa (a name due 
originally to Huxley), in contrast to the other great division of 
Coelentera, the Anthozoa. It has, however, become increasingly 
probable that, near akin as are Scyphomedusae to Hydromedusae, 
their race-history indicates a yet closer relationship to Anthozoa : 
the term Hydrozoa has therefore been dropped altogether for the 
purposes of the present work, although the further step of uniting 
Scyphomedusae and Anthozoa under the class-name Scyphozoa (as 
some suggest) has not been taken. 

Dehnitioh.—H ydromedusae are Coelentera, which typically 
present two main forms of individuals—^the non-sezual hydroid and 
the sexual medusoid (gonophore ); in this case the life-history 
exhibits an alternation of generations, in which the hydroid pro¬ 
duces the medusoid by lateral budding, and the fertilised eggs of the 

1 By Q. Htrbwi Fowler, EA., Ph.D. 
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medusoid develop into a hydroid. In other cases the medusoid 
may develop directly from an egg>cell, or may be budded from 
another medusoid. No gastric ridges or filaments occur in 
either hydroid or medusoid. The sexual cells lie typically on 
radii of the first order, and are always (7) primarily derived from 
ectoderm cells. The medusoids are characterised by the possession 
of a muscular non-vascular velum, and have as sense organs ocelli, 
otocysts, or tentaculocysts. 

The Diblastula and the Embryonic Layers. —The single 
form of Hydromedusan cell, which was excepted above as being 
capable of independent existence, is called the egg or ctmm. If duly 
fertilised the ovum shortly splits into two cells, which in their 
turn divide again; this process of division, or segmentation of the 
ovum, is continued until ultimately, by one path or another, an 
embryo has been built up which consists of numerous cells, arranged 
in two layers round a central cavity. To an embryo of this kind 
the name dtblastvla (gastrula) has been given (Fig. 2). These 
two layers of cells, however complex may be the ultimate form 
of the adult organism, are the chief constituent tissues of all 
Hydromedusae, as was shown by Huxley so long ago as 1849. 

To the outer layer or skin has 
been assigned the name ecio~ 
derm; the inner layer which 
lines the central cavity or 
coelenteron has been termed the 
endoderm. Between the ecto¬ 
derm and the endoderm is 
deposited later a gelatinous 
secretion, the non-cellular 9neso- 
gloea^ into which cells from either 
of the two primary layers may 
wander. From these simple 
elements — ectoderm, meso- 
gloea, and endoderm lining the 
coelenteron—^all the varied and 
beautiful forms of the Hydro¬ 
medusae are moulded. 
General Description of the Hydroid and of the Medusoid. 
—In no group of the animal kingdom is polymorphism carried to a 
greater extent than in the Hydromedusae, yet, upon morphological 
analysis, the numerous forms which individuals exhibit are 
apparently all referable to modifications of one or other of two 
main types—^the Hydroid and the Medusoid. 

The Hydroid (hydriform person, hydranth, trophosooid) is 
represented in a simple form by the genus Hydra, from which it 
derives its name. This presents (Figs. 3, 4, B and 0) a tubular 



Fio. 1. 



Fio. 2. 


1. -^Section through a blastola; the single layer 
of cells surroun'ds a cavity, the blastocoele. At 
the lower TOle two cells of the fhture endoderm 
have been hndded into the blastocoele. 

2. —Section through a diblastula (gutnila). 
The cells of the future ectoderm are ciliated; 
by their proliferation a number of cells, the flitare 
endoderm, have been budded into the blastocoele, 
which they nearly All. 



THE HYDROMEDUSAE 


3 


body consisting of ectoderm, mesogloea, and endoderm, at one 
end of which is a mouth, situated on a slight eminence (the 
hypodame); through the mouth the internal cavity {eodefnieron) 
communicates with the outer world. Round the mouth are placed 
UfdadeSi which are hollow outgrowths of the body, their cavity 
being part of the coelenteron. 

In the hydroid thus composed the elements of the original 
diblastula are not far to seek: the primary two layers, ectoderm 




Fio. 3. Fio. 4. 

Z,—Hydra vlruli*, attached to a piecrof weed, ov, ovary; (e. testis. 

4.—Diagram exhibiting the plan of structure of hydroids. A, hydroid with wide 
disc, manubrium, and solid tentacles ubularian); B, hydroid with narrow disc and 
hollow tentacles (Hydra); C, transverse section of the body of a h^roid. All the flgurea 
show fkom without inwards ectoderm (strongly hatched), mesogloea (a thick black lineX and 
endoderm (lightly hatched), surrounding the coelenteron. 

and endoderm, and the coelenteron, are still represented. The 
secretion of a mesogloea, the perforation of a mouth, and the out¬ 
growth of tentacles, are the main morphological differences between 
embryo and adult hydroid. 

Hydroids are either solitary or colonial. The solitary formsi 
such as Hydra, are capable of reproduction by a process of budding 
(Braem, 16; Seeliger, 16), (Fig. 4, £), in which a part of the body 
wall, enclosing coelenteric cavity, protrudes late^ly; this elon¬ 
gates and forms a mouth and tentacles at its distal end; the little 
Hydra, thus produced, becomes constricted off by an ingrowth of cells, 
which seal up both its central end and the body wall of the parent. 
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A process of budding, similar in character but not followed by 
a separation of progeny from parent, results in the production of 
colonial forms (Figs. 16 to 20); in the colony thus formed, the 




Fio. s. 


Fio. 7. 


5.~Seeti<m of a medaaoid, placed mouth upwards for comparison with a hydroid (Fig. 4). 
The right half of the section is taken along a radial canal, the left half between two radial 
canals. CC, circular canal; KU, exumbral surfiMe; (7, gonad or generative cells lying in the 
ectoderm of a process of the subuinbral body wall (characteristic of Leptomedusae); O', 
mnad lying in the ectoderm of the manubrium (characteristic of Anthoniedusae); OL, gastral 
umella; M, manubrium; NR, the outer, and Nk, the inner parts of the nerve ring; RC, radial 
canal; SU, subumbral cavity; 2\ tentacle; k, velum. Body layers represented as in 
Fig. 4. 

S.~49ectlon of a medusoid, at right angles to Fig. 0. XiStten as in Fig. 6; body layers as in 
Fig. 4. 

7.— DIamm showing the chief radii of a medusoid. P, perradii (the first four ndU 
aoeentuatM in development); i, interradii; A, adradii. 


coelenteron of each hydroid communicates with those of all the 
other hydroids through the tubular eoenosarc or common tissues. 
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The coenosarc generally consists of a branching vertical stem (the 
hydrocavlu8\ springing from a branching horizontal stolon (the hydro- 
rhiza)y by which attachment is effected to some foreign body. A trans¬ 
verse section of either hydrocauhis or hydrorhiza typically presents 
the same ectoderm, mesogloea, and endoderm lining coelenteron, as 
are exhibited by a section of a Hydra or of its tentacle (Fig. 4, (7). 
Theoretically, in the Anthomedusae an axial stem or branch is only 
the much elongated body of the terminal hydroid of that stem or 
branch; but as in practice it is often difficult to allot the parts 
correctly, the tubular stems and branches are treated as coenosarc 
or tissues common to the colony. 

The coenosarc is generally invested by a horny coat, the perisarCy 
formed as a secretion by the ectoderm cells; this in some cases 
expands into a hydrotheca (Fig. 17) at the base of each hydroid, in 
others (Fig. 16) it ceases abruptly at that point. 

Hydroids are formed either as buds from other hydroids, or as 
buds from the coenosarc, or directly from a fertilised ovum; they 
are generally fixed, sterile, and nutritive. 

The Medusoid (medusiform person, gonozooid, gonophore) 
exhibits all the parts of a hydroid, but in slightly altered relations. 
It is generally bell-shaped (Figs. 5, 25, 33), the clapper of the bell 
being formed by a projection (the Tmnvhriwn)^ at the end of which is 
the mouth. The bell itself is often termed the umbrella ; its oral or 
concave face is styled the svbumbraly and its aboral or convex face 
the exwnhral surface. From the lip of the bell or umbrella a shelf 
(the velum) projects inwards, and the tentacles hang downwards. 
The mouth opens through the manubrium into an expanded gastric 
cavity ; from this iouv penadial canals lead to the lip of the bell and 
there open into a circular canal which runs round its circumference. 

Although the relation of this organism to the hydroid is not 
obvious at first sight, a comparison of Figs. 4 and 5 will make 
it clear. The elongated hypostome of the hydroid corresponds to 
the manubrium of the medusoid; the tubular body of the hydroid, 
if expanded radially outwards in every direction, would represent 
the bell-shaped body of the medusoid; the tentacles would be 
carried outwards by this expansion, but would remain as a circlet 
round the hypostome (manubrium). 

While the outward form of the medusoid is thus referable to 
that of the hydroid, the coelenteron of the former is not of the 
simple nature which is presented by that of Hydra; the endo¬ 
derm is no longer uniformly the lining of the coelenteron, but 
forms a solid cup-shaped plate (the gastral or endoderm lamella)^ lying 
in the wall of the umbrella between the gastric cavity and the circular 
canal, except along certain lines which have been already cited as 
the radial canals (Figs. 5, 6). The coelenteron thus consists 
of the following regions, manubrial cavity, gastric cavity, radial 
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eanals, circular canal, and sometimes tentacular canals; the 
endoderm, in addition to forming the lining of these cavities, 
forms the endoderm lamella, and sometimes a solid tentacular core. 

The penadial canals lie 
in the first four radii (Fig. 7) 
which are accentuated in the 
development of the medu- 
soid; other four radiating 
canals may be similarly 
formed between these, which 
with them divide the urn- 



Fio. 7W*.--Part of a aection of Aurelia, showing hrfilla into Aicrbt Aonnl oarfa • 
e, lunoeboid cells in the mesodloe*; el, enJoderm o? «« ejia iniO eigns equal parts , 
gastial lamella; en, endoderm lining gastric cavity, they' are termed inteiTOdtCll, 
(Fi-om Laiikester, after Hertwig). a t e.r*'ix i* 

' A further set of eight radi¬ 

ating canals is sometimes developed between perradial and inter- 
radial canals, and is termed adradiah 

The exumbral mesogloea is generally greatly thickened and 
adds firmness to the bell. 


When medusoids are attached to a hydroid colony, the perisarc 
in some cases expands into a gmwtlieca for their protection (Fig. 17); 
in other cases it is absent (Fig. 16). 

Medusoids are formed either as buds from hydroids or from 
hydroid coonosarc, or as buds from other medusoids, or directly 
from the fertilised ovum. They are typically free swimming and 
fertile, and are often incapable of taking food. 

Histology of the Hydroid (Figs. 8 to 10) (Jickeli, 17; 
V. Lendenfeld, 18). — The ectoderm is generally composed of a 
single layer of cells, and includes several varieties of cell forms. 
Of these the most prominent are the large epitheHo-musciilar cells^ 
the inner ends of which give off contractile fibres in a direction 
parallel to the long axis of the body; these fibres, which fre¬ 
quently exhibit striations, are attached to the mesogloea, and 
the movements of the body are largely effected by their means. 
In some cases a gradual diminution can be traced in the size of 
the cell body, and a corresponding increase in the size of the 
muscular fibre; this leads to a deep-lying muscle cell, no longer 
epithelial, comparable to the smooth muscle cell of Triploblastica 
(Fig. 8, ^”*). The possession of a stiff sensory filament, the palpocil, 
characterises the sense cells. Other cells, provided with a similar 
filament, the cnidocil, are termed cnidoblasts, and secrete in the 
interior of the cell body tho nematocyst, a weapon of offence and 
defence. This consists (Figs. 8®, 9) of a vesicle, often with double 
walls, filled with fluid, the neck of which is barbed and then drawn 
out into a long and extremely fine tubular filament, at the tip of 
which the tube probably opens to the exterior. When in the cell, 
the nematocyst has a different appearance; the filamenti barbs, and 
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neck, are formed and lie inside the vesicle, and are everted only by 
pressure upon its walls. Two kinds of nematocyst, a larger and a 
smaller, are generally present, and exhibit some differences of 
detail. cells and pigment cells are not uncommon. Multi¬ 

polar ganglion cellSj \y\r\Q beneath the surface of the ectodermal 
epithelium, have been detected in numerous species. The smaller 
intet*8tUial cells, of irregular form, which fill the interspaces between 



Tio. 9, Fio. 10. 

8. —Types of Hydroniedutuiu cells, after vou Lendenfeld and Schulse. l.epithelio-nniscular 
cell, with palpocil and contractile nrocesaes; 2, 3, muscular cells showing the treiisitioii 

tiie epithelioid to the fibrous condition; 4, sense cell with iwlpocil, connected by iiene fibra 
with ganglion cell; 6, supporting cell with palpocil; 0, cnidoblast, with three cnidocils, en¬ 
closing a neiiiatocyst, and connected by ner\'e fibre with ganglion cell; 7, endodenu cell wi^ 
ciliuni; the protoplasm is vacuolated and contains (?) fbod particles; 8, amoeboid cell flrom 
iiieaogloea. 

9. --CnidobIa8t with onldocil and nematocyst; the thread and barbs of the latter have 
been everted. (After Schulxe.) 

10. —Vacuolated endodenn cells of “cartilaginous’* consistence fh>m the axis of the tentacle 
of Cunina, (From Qegenbaur's ElemtfUs o/Comparative A aolomy.) 


the others, are apparently differentiated as required into the more 
specialised cell forms alr^y mentioned. 

The eindoderm is also generally composed of a single layer of 
cells, and is ciliated; there is generally one cilium on each cell, 
which is capable of withdra\^al. The larger cells of the endodermal 
epithelium are essentially digestive cells, but are in many cases also 
provided with short contractile fibres which lie on the mesogloea 
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in a direction at right angles to the long axis of the body and to 
the contractile fibres of the ectoderm. The cells are often 
amoeboid at the outer or free end, and contain vacuoles filled with 
an albuminous fluid. Particles olf food-matter and masses of (f) 
excretory matter are often to be detected in the protoplasm. 
Among these larger cells are often intercalated glmd, cells^ which 
appear to secrete a digestive fluid. Ganglion ceUs and pigment cells 
occur; but though nematocysts have been detected in endoderm 
cells, it is still doubtful whether they are formed in them 
or not. 

Where they form the axial core of a solid tentacle, the endoderm 
cells become vacuolated and ** cartilaginous ” in consistence, re¬ 
sembling the notochordal cells of Chordata (Fig. 10). 

The mesogloea forms a thin lamina everywhere between ectoderm 
and endoderm cells and gives by its stiffness a certain rigidity to 
the body. It is often apparently laminated. Although itself in¬ 
capable of contraction, it is greatly thickened and shortened, on the 
contraction of the body, by the muscular fibres of the ectoderm and 
endoderm. 

Histology of the Medusoid. —The ectoderm appears over the 
greater part of the umbrella as a layer of much flattened cells, but 
is cubical on the velum and manubrium. Epitluilio-muscnhr cdls^ 
like those of the hydroid, occur also in the medusoid, but suh- 
vpithdial muscle cells are here more common; they are either 
scattered, or grouped in trabeculae, and in some cases become em¬ 
bedded in the mesogloea. The ectodermal muscle fibres may have 
cither a circular or longitudinal trend, unlike those of the hydroid. 

On the manubrium cir¬ 
cular musculature is 
well developed; longi¬ 
tudinal fibres also occur 
on it, which are con- 




Fio. 10a.~>llnscular cvIIh uf moduxae (Lizzia), Tlie 
uppermott la a purely muHcnlar cell from the ■ubiiiiibmlla; 
the two lower are epitliello-inuiictilar cella from the base of 
a tentacle; the upetaiuliiig iiucleateil iiortioii forma part of 
the epklermal mosaic on the free surface of the body. 
(Prom Lankeater, after Hertwig.) 


tinned centrifugally out¬ 
wards, radiating over 
the subumbral surface 
towards the lip of the 
bell. The subumbrella 
possesses also circular 
fibres; the exumbrella 
has little or no muscu¬ 


lature. Strongly developed circular fibres characterise the edge 
of the bell and the velum; by their agency the contraction and con¬ 
sequent progression of the bell are chiefly effected. The tentacles 
are highly contractile, and are provided with strong longitudinal 
muscles. Sensory cells, which are elongated and columnar, and are 
provided with palpocils, are well developed at the bases of the 
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tentacles. Subepithelial ganglion cells and nerve Jihillae form a 
scattered plexus in the ectoderm in connection with sensory and 
muscle cells, especially on 
the subumbrella; they are 
concentrated at the lip of 
the bell into a nerve ring, 
which is divided by the 
insertion of the velum into 
outer and inner portions, 
connected by nerve fibrils 
through the mesogioea. 

Connected with the 
nerve ring are the sense 
organs (Hertyrig, 19; Eimer, 

20) or special aggregations 
of sense cells. They are 
referable to four chief 

types. Fio. Scattered nerv«*-Kfiii‘;liou cells from the 

1. Ocelli or eye spots 
are generally found at the 

bases of tentacles. In their simplest form they consist of a few 
sense cells between which are scattered a few pigment cells ; in their 
complete development, the sensory and pigment cells are grouped 
into a definite organ of subspherical shape (Fig. 11), which projects 
above the general surface, and may secrete a cuticular lens (Lizzia). 
The whole structure is ectodermal. 

2. Oiocjjsts are found under two chief forms : {a) in the simpler 
of these the organ consists of an open subumbral pit at the base 
of the velum, the cells of which secrete each an otolith of organic 
and calcareous nature (Mitrocoma); {b) in the more complex type 
the pit becomes converted into a closed vesicle, containing one or 
more otolithic cells, which are usually supported on sensory hairs. 
The whole structure is ectodermal, and may occur either on or 
between tentacles (Figs. 12, 13). 

3. Cofdyli (Brooks, 21) are exumbral structures, placed between 
tentacles, which consist of a core of vacuolated endoderm cells 
covered by flattened ectoderm. It is possible that they represent 
a modification of a tentacle, less complete than, but analogous to, 
the modification which has produced the next form of Hydro- 
medusan sense organ (Fig. 15). 

4. 2'entaculocysts, which are apparently tentacles modified for 
the better perception of auditory vibrations, and are placed exum- 
brally, consist essentially of a club-shaped structure, clothed extern* 
ally by ectoderm; they contain an axial core of endoderm cells, the 
outermost (one or more) of which secretes an otolith. The club 
thus formed either projects freely from an eminence composed of 

15 
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11. ^-Ocellus of Ii£tia KoeUlM, or, pigmented ectodenntl cells; I, lens. 

12. >-0tocyst of Phialiditm. tfi, superflcisl Uyer of ectoderm; dfl. deep Isyer ofecto« 
derm; hf sudltory cells of ectoderm; hht sudito^ heirs; npt nerve body; nri, upper nerve 
Xing; r. endoderm cells of the clreular canal, ihe otolith cavity is seen above a. CfisM, 
11,12, ttm Lankester, after Bertwig.) 


UtFIg. 12. (i 

U.»Simple tentaculocyst of one of the Tnchouiedusae {Ph^Monma vdaiuw% The proeesM 
eanylng the otolith or concretion hk, formed by endoderm cells, is enclosed hy an ujwiowth 
fonnlng the ** vesicle.** which is not yet quite closed In. (Prom Lankester, after Bertwii^) 
16.>--0ptical section of a cordylus or sense club; the surrounding stnictures are only 
roughly indicated. CC, circular canal; SL\ eaumbral surftce; Mf, mesocloea; IfM, the 
outer, jfjr, the Inner parts of tlie nerve ring; 5Cr, subumbnl surftce; r, tentacle; P, 
velum. (After Brooks.) 









THE HYDROMEDUSAE 


II 


sensory cells provided with long sensory hairs (Cunina), or becomes 
surrounded by a closed vesicle, a stage in the formation of which 
is shown in Fig. 14; the club is supported in position by 
long sense hairs, and the vesicle filled with fluid (Rhopalonema). 
The endoderm, in secreting the otolith, has here a definite sen¬ 
sory function, which is confined to the ectoderm in ocelli and 
otocysts. 

Olavd cells, pigment cells, cnidoblasts, and supporting or interstitial 
cells are of constant occurrence; the cnidoblasts are especially well 
developed on the tentacles. 

The endoderm has much the same characters as in the hydroid. 
The mesogloea is often extremely thick, especially on the exumbral 
surface. Although it is essentially a non-cellular layer, but is 
rather an inert secretion by ectoderm and endoderm, when well 
developed, it often contains amoeboid wandering cells (Fig. 8®), and 
elongated muscle cells, both in all probability migrants from the 
ectoderm. It is firm and jelly-like, and often shows a fibrillated 
structure. 

The ova and spermatozoa are, with rare exceptions, of the 
type usual in the Animal Kingdom. 

Order 1. Anthomedusae (Gymnooiastea), 

Definition. —Hydromedusae with a regular alternation (meta¬ 
genesis) of a sterile hydroid generation with a sexual generation 
of medusoids or other gonophores. The perisarc does not form 
hydrothecae into which the hydroids are completely retractile, nor 
rigid permanent gonothecae. The sense organs of the medusoids 
are ocelli. The generative organs lie in the wall of the 
manubrium. 

The Hydroid is colonial and fixed (Bougainvillea); or is non¬ 
colonial, and then is either fixed (Myriothela) or free (Hydra). 
The hypostome is conical or truncated, rarely trumpet-shaped 
(Eudendrium). The tentacles are hollow (Hydra) or, more usually, 
solid (Bougainvillea); they are rarely absent (Microhydra). They 
are irregularly scattered (Hydra), or form a circlet (Bougainvillea), 
or even two circlets (Tubularia) round the mouth. They never 
have a pore at the tip, and are rarely branched (Cladocoryne) or 
webbed. They are filiform (Hydra) or capitate (Coryne); in 
the former case the nematocysts are chiefly concentrated in 
scattered wart-like batteries; in the latter case in the head. 
The eodenteron of the hydroid is sometimes nearly divided into 
two by a constriction (Tubularia). Lobes (Tubularia) or villi 
(Myriothela) may project into it from the body wall. 

A hydrorhiza (Figs. 16 to 20) is generally more or less 
developed in the fix^ forms, whether single (Myriothela) or 




12 


THE HYDROMEDUSAE 


colonial (Bougainvillea); but may be replaced by filiform pro¬ 
cesses (Corymorpha); it is, of course, absent in the motile 
forms (Hydra). In the colonial forms it gives rise to one or 
more simple (Perigonimus) or branching (Bougainvillea) hydrocaiUi. 
The coenosarc of both hydrocaulus and hydrorhiza generally forms 
a single tube. 



Fio. 10. Fio. 17. 

16. —Diagrani showing iKMsible uio<liflcations of persons of a Gymnoblastio Uydromedusa. 
a, hydrocaulus (stem); 6, hydrorhisa (root); c, coelenteron; d, cndoderm (thick black line); 
€, ectoderm (hatched); /, perisarc (thin black line); hydroid expanded; p', hydroid con¬ 
tracted ; A., hyitostome, bearing mouth at its extremity; A, degenerate medusoid (sporosac) 
springing from the hydrocaulus; k*, sporusnc springing from m, a modifled hydroid (blastostyle); 
the genitalia are seen surrounding the siiadix; f, medusoid ; m, blastostyle. (After Allman.) 

17. —Diagram showing possible modifications of the persons of a Calyptoblastic Hydro¬ 
medusa. Letters a to A same as in Fig. 16. f, the homy cup oc hydrotheoa of the hydroid; 1, 
medusoid springing from m, a inodifl^ hydroid (blastostyle); n, the homy case or gonotheca 
enclosing the blastostyle and its buds. Iliis and the hydrotheca i give origin to the name 
CalyptoNastea. (After Allman.) 


The tubes of the hydrorhiza are generally distinct from one 
another^ although they are often connected by cross-tubes into & 
loose meshwork. In Fodocoryne, however, such a meshwork occurs 
only at the growing points of the colony; in the more central parts 
the tubes increase in number and anastomose so freely as to appear 
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to form a solid crust; this crust is in reality composed of separate 
coenosarcal tubes, each surrounded by perisarc. If, instead of the 
perisarc of adjacent tubes becoming adherent or continuous, its 
formation were suspended until the ectoderm of adjacent tubes had 
become confluent, we should 
arrive at the condition presented 
by the central parts of Hy dr ac¬ 
tinia (Collcutt, 26); towards the 
edge of the colony this genus 
has the same structure as the 
central parts of Podocoryne ; at 
the growing edge both have a 
loose hydrorhiza of the usual 
type. 

The tubes of the hydro¬ 
caul us are generally distinct, 
but in some cases the stem of 
the colony is **fascicled” or 
formed of closely apposed or 
adherent hydrocaul i (Euden- 
drium). Just as this is a modi¬ 
fication comparable to the ad¬ 
herent hydrorhizal tubes of 
Podocoryne, so the confluent Tw. \$.--Co\ony ot Bouriainmlkn (mt. sxz^) 

.Jr 1 j attached to a piece of floating timber. (After 

ectoderm of numerous hydro- Aiiman.) 
cauli in Ceratella (Spencer, 27) 

is comparable to the central hydrorhiza of Hydractinia. A 
further complication is introduced in the hydrocaulus of Cory- 
dendrium, owing to the fact that the young buds, instead of 
breaking through the perisarc and growing outwards as is usual, 
grow upwards for some distance inside it and surround them¬ 
selves by secondary perisarc (Weismann, 10). 

A space generally lies between the ectoderm, and the perisarc 
of hydrocaulus or hydrorhiza which it secreted; strands of proto¬ 
plasm or elongated ectoderm cells may cross this space. 

The •perisarc is rarely absent (Hydra); it generally forms a com¬ 
plete investment of hydrorhiza and hydrocaulus, and is sometimes 
prolonged over the body of the hydroid as a sort of hydrotheca (some 
Bougainvillea), into which the entire hydroid cannot be withdrawn. 
The perisarc is generally a cuticular secretion of a horny character, 
but may be formed of adventitious particles held together by a 
secretion (Perigonimtis); in both cases the secretion is formed by the 
activity of the ectoderm cells. A horny perisarc is usually smooth, 
but may be annulated at the origin of each branch (Cordylophora) 
or uniformly annulated throughout its length (Corync). A horny 
perisarc generally exhibits a concentrically laminated structure. 
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and can be thickened by the addition of layers from without 
inwards. It can be reabsorbed by the agency of the ectoderm 
cells which secreted it; this occurs when a new bud grows out¬ 
wards from the coenosarc. 

Polymorphic Modifications of the Hydroid. —A UastostyU 
(Fig. 16, m) is a hydroid which exhibits a greater or less simplifica¬ 
tion of structure, in correlation with its special function of giving 
origin to medusoids by budding. It may have a few small tentacles 



Fio. 19.>-Portioti of colony of BougainvilUa magnified. 

(From Lubbock, after Allman.) 

(Podocoryne), or the tentacles may be reduced to mere knobs 
(Hydractinia, Fig. 22, b) or absent (Eudendrium). The mouth is 
very small or absent. There seems to be no reason to deny the 
name blastostyle to the elongated tubes which spring from the 
hydroid of Tubularia, each of which buds numerous medusoids,^ 
(Fig. 24, b). The blastostyle may spring from the hydrorhiza’ 
(P<^ocoryne), from the hydrocaulus (most Eudendrium), or from 
the hydroid (Tubularia). 

A falte bkutorif/U (Allman, 1; Weismann, 10) is formed by the 
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20. —rArt of colony of Pcriffonimuit: the thin perisarc 
not Rhown. The sooida spring from a hydrorhiza. a, 
hydroidR in difl’erent ])hasea of exiianaion; b, developing 
liydrohl: c, atagea in development of meilu^oid; d, fVee 
iiifMlnaoid. (After Allman.) 

21. —Diagram of Ctava, allowing a hydroid aurroundcd 
bv a verticil of degenerate meduaiform iieraons (aporosacs). 
(After Allman.) 

22. —Diagram of Hydmctinia, showing four forms of 
persons. «, hydroid; fc, modified hydroid, or blastoatyle, 
bearing r, de^nerate meduaiform persona or atxirosaca; 
f/, modilied hydroid situated at the maigiii of tlie colony 
(dnctyloKooid). (After Allman.) 

29.—Diagram of Oorymorpha^ a hydroid with a double 
cirelet of tentacles. A, the hydroid; h, meduaoids, 
tMMldod on its disc. A tlie fVee medusoid, with one 
tentacle; the generative cells are indicated in the wall of 
the inannbrium. (After Allman.) 
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absorption of the tentacles and the diminution in length of an 
ordinary hydroid which has begun to bud medusoids (Euden- 
drium). 

A dtuiyloxooid is a hydroid which exhibits modifications corre¬ 
lated with its special functions of catching prey. It is elongated, 
and capable of very active movements, and is either devoid of 
tentacles (Podocoryne), or provided with short knobs highly 
charged with nematocysts (Hydractinia, Fig. 22, d). The aiido- 
phore of Eudendrium racemosum appears to belong to the 
category of dactylozooids, from which it differs merely in grow¬ 
ing from the body of a hydroid, and not from the hydrorhiza 
(Weismann, 10), 

The MBDUSOID (Fig. 25) is generally conical or hemispherical, 
in contrast to the next order; the vdmi is broad and muscular. 


The inamibrium is generally circular; the mouth is sometimes sur¬ 
rounded by four perradial lobes (Tiara) or four simple or branching 
capitate “oral tentacles(Bougainvillea). The marginal tentacles are 
rarely rudimentary (Amalthea); when present they are generally 



hollow; they number one (Cory- 
morpha), two (Perigonimus), or 
six (Clavatella), but are gener¬ 
ally only four in number and 
placed at the ends of the per¬ 
radial canals. Interradial ten¬ 
tacles may also be present 
(Podocoryne), or very numerous 
tentacles arranged in four per¬ 
radial groups (Bougainvillea); 
even hundreds may be present 
(Callitiara), arranged apparently 
without reference to special 
radii. Their bases are generally 


Fio.*.»4.-l)in>frainof I’M/m/rmo. b, degenerate SUrrOUllded by a thickclned bulb 
nieduBoids b»ulded from a blastostyle. (After p 

AUiiian.) ectoderm, containing sensory 


cells and numerous cnidoblasts. 


The sense organs of the Anthomedusae are ocelli. These consist 
either of a few pigment cells, hardly grouped into an organ 
(Euphysa), or of pigment cells grouped into a definite retina, 
which possesses (Lizzia, Fig. 11) or lacks (Sarsia) a lens. 

They are placed on the bulb of the tentacle, and are generally 
on its exumbral face, but are on the subumbral face in genera 
which normally carry their tentacles reflexed (Lizzia). 

The gastric cavity generally lies in the bell, but may be 
situated at the root of the manubrium (Lar). It often exhibits 
a prolongation upwards into the substance of the mesogloea of the 
exumbrella, a relic of the endoderm of the coenosarcal tube by 
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which its coelenteron originally communicated with that of the 
colony from which it was budded. 

The raAM canals are generally four in number, and are then 
perradial; but four interradial canals are also developed in some 
ciises (Cladonema). Six are normally presented by Clavatella 
( = Eleutheria). In Lar ( = Willsia) six are also present, which 
bifurcate twice; there are thus twenty-four openings into the 
circular canal. 

The generative cells (gonads) lie in the wall of the manubrium, 
between the ectoderm and the mesogloea, or in the ectoderm itself; 
they rarely reach on to the subumbrella (Nemopsis). They are 



DIagnuns of the meduAoids of two species of 5artta/' the one budding medusoids flrom the 
manubrium, the other ftoiii the ends of the radial canals. (After Allinaii.) 

cylindrically arranged (Sarsia), or are broken up into four or eight 
bands. In Lar they are six in number, and lie on the walls of the 
six-rayed gastric cavity in the manubrium. The sexes are separate. 

Formation of the Medusoid by Gemmation. —A m^usoid 
of the type indicated above is either budded (a) from a hydroid 
(Syncoryne), or from a blastostyle (Tubularia), or from the 
hydrocaulus (Bougainvillea), or, with the intermediation of a 
sWt stem, from the hydrorhiza (most Perigonimus), or {h) from a 
medusoid (Sarsia), either from the manubrium (Fig. 25), or 
from the margin of the bell, at the end of the perradial canals 
(Codonium). Although in many cases medusoids have not been 
traced to hydroids, no medusoid of this group has been found 
to develop directly from the ovum. 
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If, as seems probable, the product of the fertilised ovum of 
the Anthomedusae is always a hydroid, there is an invariable 
alternation of an asexual generation (the hydroid) with a sexual 
generation (the medusoid); this alternation of generations, or 
metagenesis (Brooks, 14), is not disturbed by the fact that the sexual 
generation may in a few cases reproduce asexually (Sarsia). 



Fio. '2*k 

Ctenarin CUnaphorn (Haeckel), one of tlie AnthomeduHae, preHOiting a curious resein* 
blance to the Ctenopliors. A, lateral view of the entire medusa; li, two horizontal views, 
that to the left representing the surface of the abornl hemiMphere, that to the right a section 
imssing nearly equstorially. a, the eight adrarlial rows of thread cells, corresponding 
in iHJsition to the eight ctenophoral zones of Plcurohrachia; h, jelly of the uiiibrella; 
e, circular muscle of the siibunibrella; d, longitudinal muscles of the subumbrella; r, 
stomaclial dilatation of the enteric cavity ; /, the sixteen oral tentacles; p, the four perradial 
generative glands in the stomach wall (inanubriuiii); h, the four perradial primary radiating 
canals; i, the eight adradial bifurcations of the preceding; A;, ring canal in tne margin of the 
umbrella; 2, velum; the two lateral tentacle pouches; n, the two lateral unilaterally 
fringed tentacles; o, the anical gastric cavity above the stomach. The canal system, 
with its four primary and eight secondary rami, resembles that of Pleurobrschia. The month 
of the latter may be homologous with the margin of the umbrella of the former, and the mouth 
of Ctenaria homologous with the junction of the so-called funnel of Pleurobrachia with its 
so-called digestive cavity. Tide last may bo the homolomie of the subunibrellar cavity of 
Ctenaria. 'fhe apical oitening or oi)eniiigs of the funnel of Ctenophora suggest the stalk canal 
of medusae, whilst the agreement between the tentacles and Uieir pouches in Ctenaria and 
Pleurobrachia is complete. Cf. p. 14, iitjra. (After Haeckel.) 

The method of formation of a medusoid (Weismann, 10) varies 
in detail in different genera, but the following account of Bougain¬ 
villea may be taken as typical. A rapid proliferation of cells at, 
the apex of a simple bud (Fig. 27,1) results in the production of 
a lens-shaped mass of cells; thi» sinks below the level of the super¬ 
ficial ectoderm, pressing the endodermal wall in front of it into 
the shape of a cup. This mass of ectoderm is termed the ento- 
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codon, and a cavity which appears in its interior is the rudiment 
of the subumbral cavity (Fig. 27, II). It is followed by an in¬ 
vagination of the superficial ectoderm, between which and itself 
mesogloea is deposited ; the wall between the two cavities is the 
future velum (Fig. 27, III). Growth of the subumbral cavity 
results in an approximation of the endodermal walls of the coelen- 
teron; they ultimately fuse into an endodermal lamella (Fig. 27, IV) 
except where the circular and radial canals are to lie (Fig. 6). An 
upgrowth of the manubrium from the fioor of the subumbral 
cavity, the formation of the tentacles, and the perforation of 
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Fio. 27. 

27. —Dii^rains of sections of four stages in the development of a medusoid by mmmu- 
tion. I. llie original bud of ectodenii, mesogloea, and eitdodenii. 11. The entocodon has 
been formed; a cavity—the future subumbral cavity—has appeared in its interior; it has 
pressed the endoderm into the shape of a cup. 111. Ilie growth of the entocodon inwards is 
followed by an invagination of ectoderm^ the wall between che two is the fbture velum. IV. 
The entocodon has formed the subumbral cavity, the manubrium projects upwards into it. 
The thin walls of the bell show a radial canal on the right side (perradial section), and the 
gaatral lamella on the left aide (adradlal section). A solid tentacle is forming at the base of 
the radial canal. The thin layer of i>eri8arc has been omitted. C. coelenteron ; CC, circular 
canal; OL, gaatral lamella; At, manubrium; HC, radial canal; 5(7, entocodon = subumbral 
cavity ; T, tentacle; V, velum. 

28. —Diagram of half-section of sporosac of male Budendrfum, showing from without 
inwards ectoderm, spermatosoa, mesogloes 'ndodemi lining coelenteron. 

2U.—Diagram of half-section of sp osm.. of female Ck)rdylophora, showing gelatinous layer, 
ectoderm, ova lying among coelenterlc tub«i of mesogloea and endoderm. 


velum and manubrium, complete the essential formation of the 
medusoid; a constricting ingrowth at the attached end results in 
the separation of the medusoid from the parent. 

Medusoids are essentially devoted to the carriage of the 
generative cells and the dissemination of the species; the latter is 
achieved by the free-swimming or floating habit of the organism, 
which is rarely known to creep, temporarily (Gladonema) or per- 
manently (Clavatella). 
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Polymorphic Modifications of the Medusoid. —In many 
cases the gonophore, or bearer of the generative cells, has not the 
complicated structure of the medusoid, but one far simpler; the 
simpler conditions are probably not phases in the evolution of a 
more complex type, but, contrariwise, have been attained by the 
reduction of the higher organisation. Every stage in this process 
of simplification is represented among the Anthomedusae, until in 
Hydra, the final term of the series, nothing remains of the highly 
organised medusoid except the generative cells. The following 
types (Weismann, 10) indicate the gradual abandonment of com¬ 
plexity of structure:— 

1. The gonophore has the general form of a medusoid, but is 
never freed. The ocelli are always wanting, the velum and mouth 
generally, the tentacles sometimes; but the subumbral cavity, 
the manubrium, and the radial canals are developed (Tubularia). 
2. The gonophore is arrested at an early stage in the development 
of the medusoid, corresponding roughly to Fig. 27, III. Theento- 
codon and subumbral cavity are developed, but the latter never 
opens to the exterior, and no radial canals are traceable. The manu¬ 
brium is only slightly indicated (male Clava). 3. The gonophore 
develops no entocodon. (a) In some cases the endoderm lamella 
is nevertheless formed, combined with a few immigrant ectoderm 
cells (Coryne); (i) in other cases the endoderm lamella is not 
developed, and a section to the centre shows merely ectoderm, 
generative cells, mesogloea, endoderm lining coelenteron (Fig. 28). 
This type of gonophore is termed a sporosac, and is very commonly 
found among Anthomedusae. The endodermal core (sometimes 
termed the spadix) may be straight (male Eudendrium, in which 
the sporosac is ampullated), or may be curved round the 
generative cells (female Eudendrium), or form anastomosing 
branches (Cordylophora, Fig. 29). 4. The generative cells are 

developed in the ectoderm of the body of the hydroid, and no 
trace of a medusoid is recognisable (Hydra, Fig. 3). 

In a few instances a thin and temporary gelatinous capsule 
invests the gonophore, whether a medusoid (Bougainvillea) or a 
sporosac (Cordylophora). 

Origin of the Generative Cells. —Approximately parallel 
to these modifications, and probably correlated with them, is a 
gradual alteration in position of the spot at which the generative 
cells are differentiate in various genera; this is apparently 
attributable to a necessity for the production and maturation of 
these cells as early as possible, and may be termed a process of. 
acceleration. In the medusoid the generative cells are both formed, 
and ripen, in the manubrium ; in the first stage of acceleration they 
are form^ in the entocodon, and ripen in that part of it which 
ultimately becomes the manubrium (Tubularia). In the second 
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Stage they appear in the bud of the gonophore at an early phase 
of its development; in the female Podocoryne, for instance, they 
have been first noticed in the endoderm of the bud, and migrate 
into the ectoderm of the manubrium through the mesogloea; in 
Coryne, where no entocodon is formed, they both appear and ripen 
in the endoderm of the sporosac. In the third stage they first 
appear in the tissues of the hydroid, blastostyle, coenosarc, or 
hydrorhiza, from which the gonophore will ultimately be budded; 
in Hydractinia, for example, they are first noticeable in the ectoderm 
of the blastostyle (Collcutt, 26), and migrate along the endoderm 
into the sporosac, breaking through the mesogloea to ripen in the 
ectoderm. In the female Eudendrium racemosum their wanderings 
are still more complex. They are formed in the ectoderm of a main 
hydroid, migrate into the ectoderm of a lateral hydroid, thence 
into the endoderm, first of the blastostyle, then of the sporosac, 
and ultimately break through into the ectoderm of the sporosac. 
Although in many cases the generative cells are only recognisable 
for the first time in the endoderm, it is probable that they are 
in all cases originally ectodermal cells, which may or may not 
migrate into the endoderm; in almost every instance they ripen in 
the ectoderm. The whole question is dealt with by Weismanh 
( 10 ). 

There is thus evidence that a marked change is in progress 
among the Anthomedusae; the alternation of the fixed nutritive 
hydroid with the sexual free-swimming medusoid is being gradually 
abandoned; the medusoid, the function of which was to form, 
ripen, and disseminate the generative cells, is being replaced by the 
sporosac, in which they merely ripen; their formation is becoming 
a function of the colony or of the hydroid. Curiously enough, in 
one genus, Dicoryne, which forms sporosacs of the simplest type 
on a blastostyle, there occurs an apparent reversion to the old 
method of dispersal of the species, for the sporosac becomes con¬ 
stricted off from the blastostyle, and swims freely by means of 
strong cilia (Allman, 1). 

Asexual Reproduction. — In gemnwiion, which is the rule 
among hydroids, both ectoderm and endoderm form a hollow lateral 
protrusion of the body or coenosarc; this absorbs a window in the 
perisarc where necessary, and either by the development of mouth 
and tentacles becomes a new hydroid, or in the manner already 
sketched (pp. 18, 19) is converted into a medusoid or a sporosac. 

Gemmation from a medusoid appears to be of a similar 
laminar ” character, and to follow the lines sketched on pp. 18,19; 
its product is always a medusoid. 

Fission is rare among hydroids; it may be transverse (Pro* 
tohydra) or longitudinal (Polypodium). It has not been shown to 
occur among m^usoids in this group. 
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Sexual Reproduction. —As a rule the female generative cells 
(ova) and the male cells (spermatozoa) are form^ in different 
colonies; they sometimes occur on different individuals of the same 
colony (Dicoryne), or on the same blastostyle (Myriothela); they 
rarely occur in the same individual (Hydra). 

In some cases there is but one ovum in each gonophore 
(Eudendrium); more commonly, one cell at a time, out of many 
“ potential ova,’’ is fertilised and develops, the remainder serving 
as its food (Tubularia). The speimatozoa are always extremely 
numerous. They escape by rupture of the tissues of the parent, 
and swim freely in the water. In most medusoids the ova are 
discharged in the same manner; in most sporosacs and sessile 
gonophores the ova are fertilised by spermatozoa, which penetrate 
to them through the tissues. Segmentation of the ovum generally 
produces a blastula (Fig. 1), a larva consisting of a single layer of 
cells arranged round a central cavity, the blastocoele. By karyo- 
kinetic cell division fresh cells are budded from the outer 
layer into the blastocoele, which they ultimately obliterate. This 
process is the formation of a diblastula (gastrula) by delamination 
(Fig. 2); the outer cells are the future ectoderm, the inner mass 
will give rise to the endoderm. The ectoderm becomes ciliated, the 
diblastula elongates into the larval form termed a planula; at this 
stage it generally leaves the parent and swims freely in search of 
an appropriate site. To this it affixes itself, and sends out rooting 
processes (hydrorhiza). A coeletiteron becomes excavated in its 
interior; and the appearance of mouth and tentacles, and the 
differentiation of cell forms, convert it into a hydroid. In some 
cases the larva is not freed from the parent till this stage (actinula* 
larva of Tubularia). In Hydra the ectoderm of the diblastula 
secretes horny protective coatings, in which it passes a long 
resting stage at the bottom of a pond; a ciliated planula stage 
does not occur in its history. 

In some cases the planula, instead of developing mouth and 
tentacles, grows after fixation into a branching hydrorhiza, and 
gives origin to hydroids by gemmation (Mitrocoma—Metschnikoff, 
13). 

Order 2. Leptomedusae (Calyptoblastea). 

Definition. —Hydromedusae with a regular alternation (meta¬ 
genesis) of a sterile hydroid generation with a sexual generation 
of medusoids or other gonophores. The perisarc typically forms 
hydrothecae into which the hydroids are completely retractile, and 
rigid permanent gonothecae which completely envelop the blasto- 
styles and gonophores. The chief sense organs of the medusoids 
are ocelli and otocysts; the otoliths are the products of ectoderm 
cells. The generative organs lie on the radial canals. 
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The HYDROID is generally colonial, and has a trumpet-shaped 
hypostme. The tentacles form a single circlet; they have a solid 
endodermal axis, and are filiform; they are rarely webbed (Cam- 
panularia fiexuosa). The hydrorhiza is generally well developed and 
gives origin to simple (Lafoea) or branching (Obelia) hydrocauli. 
The tubes of the hydrocaulus are generally distinct from one another 
(monosiphonic); but several hydrocauli, each bearing hydroids or 
branches, may be closely bound into a compound or polysiphonic 
stem with greater or less confiuence of the ectoderm (Aglaophenia). 
The hydrocaulus may be strengthened by the apposition of a second 
hydrocaulus which bears no hydroids, the perisarc of the two being 
continuous, except for occasional points at which the ectoderm of 
the two becomes confluent (Anisicola halecioides—Jickeli, 31). 

Very exceptionally, numerous hydrocauli may be clustered 
round a central hydrocaulus; of these the central one gives origin 
to the hydroids and to the smaller branches; the accessory ones 
communicate occasionally with each other and with the central 
one, and give origin to the nematophores (Plumularia procumbens). 
A still more complex and unique condition, but one apparently 
deducible from the last instance, is presented by Clathrozoon ; the 
accessory hydrocauli, surrounded by perisarc, anastomose so freely 
that each stem appears to be made up of a mass of irregularly 
branching tubes, several of which communicate with the coelenteron 
of each hydroid. This arrangement at first sight suggests an 
Alcyonarian or a perforate Madreporarian rather than a Hydro- 
medusan (Spencer 32). 

A perisarc is always present as a complete investment of 
hydrorhiza and hydrocaulus; it generally has the same substance 
and structure as in Anthomedusae. It almost invariably ex¬ 
pands at the base of each hydroid as a rigid hydrotheca, of variable 
form in different genera, into which the entire hydroid can with¬ 
draw itself (Figs. 30, 31); this is occasionally absent (Cam- 
panopsis). 

The edge of the hydrotheca is often toothed; on the retraction 
of the hydroid, these teeth may fold inwards to form a conical 
operculum which closes the orifice of the hydrotheca (Calycella). 
There is sometimes only a single plate serving as operculum 
(Diphasia), or none at all (Halecium). 

The hydrocaulus may carry only one hydrotheca (Clytia); 
more commonly it bears a large number; it may give off branches 
(rami, pinnae), on which the hydroids are borne; or the rami 
may bear branchlets (ramuli, hydrocladia) to which the hydroids 
are limited. Hydroids are occasionally borne on a blastostyle 
which carries also a medusoid (female Halecium). 

The. hydroids and hydrotheca are often confined to one plane 
on the branch, lying either on one side only of the hydrocaulus 
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(Plumularia), or both sides; in the latter case, the hydroids lie in 
pairs, right and left, opposite to one another (Diphasia), or lie 
singly, alternating on right and left sides (Obelia). They are 
stalked (Obelia), or sessile on the hydrocaulus (Plumularia). The 
perisarc of hydrocaulus and hydrotheca may be either smooth or 
annulated. While in the Anthomedusae the topmost hydroid of a 
stem or branch is the oldest, and buds the remainder of the hydroids 
(or branches) laterally, in the Leptomedusae the formation of new 
hydroids takes place at the apex of each branch, and the topmost 
hydroid is therefore the youngest. 

Polymorphic Modifications of the Hydroid. —A hlastostyU is 
very commonly developed, which is devoid of mouth and tentacles; 
the ectoderm at its apex is generally thickened into a special 
organ, the opercular plate (Figs. 35, 36). Dactylozooids are re¬ 
presented in this group by the riematophores (machopolyps), specially 
modified hydroids provided with hydrothecae (Fig. 30). They are 
occasionally much elongated and capitate, growing out for some 
distance from hydrocaulus and hydrorhiza (Ophiodes); but more 
commonly they are short and nearly sessile. In many cases two 
are placed above each hydroid, and one below it (Aglaophenia, 
Fig. 31); sometimes they are scattered without symmetrical refer¬ 
ence to the hydroids (Plumularia), and are often specially concen¬ 
trated round the gonophores (Aglaophenia). They are tentacle-like, 
with a solid endodermal axis, and are generally provided with a 
capitulum of cnidoblasts (Plumularia); but in some cases the 
cnidoblasts are replaced by cells which secrete adhesive globules. 
When both cnidoblasts and adhesive globules occur in the same 
species, only the nematophores with cnidoblasts are advanced when 
the colony is disturbed; when undisturbed only those which form 
adhesive globules are protruded (von Lendenfeld, 33; Wagner, 29). 

The MEDUSOID (Figs. 32, 33) is generally much flatter than 
in the Anthomedusae, its bell less rigid, and its vdum smaller 
and weaker. The manubrium is generally short, rarely absent 
(Staurostoma); the movih is usually four-lobed, but very numerous 
accessory lobes are sometimes developed (Polycanna). 

The marginal tentacles are as a rule hollow, rarely solid (Obelia). 
There may be but two of them (Dissonema); generally they are 
four in number, and perradial in position, or become eight in 
number on the addition of four interradial tentacles (Eucope). 
They may increase in number with radial regularity until they 
amount to hundreds (Aequorea). Their bases are usually expanded 
into a bulb like those of Anthomedusae. 

Among the marginal tentacles are placed in many cases 
marginal drrhi^ which are shorter than the tentacles, and have a 
solid endodermal axis (Laodice). They are highly contractile, 
often coiled spirally, and provided with a terminal battery of 
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snidoblasts. On the outer edge of the bell are also found in some 



Fig. 80. 



Fio. 82. 



Fio. 31. 


T 




Fh;. 33. 

80. —Small nortion of a hydrocladiiiin of a Pluinulartan hydroid. Between two annulations 
of the hydrocladium lie (a) a hydroid projecting fh)m ita hydrotheca; (b) above it two 
lateral nematophorea (moaiticd hydroida), one of which is expanded; (c) below it a single 
median nematophore, also expanded, and spreading over the hydrotheca. (After Allman.) 

81. —Periearc of a small portion of a hydrocladium of Aglaophenia filtcitlaj viewed at right 
angles to the plane of Fig. SO, showing between each two annulations of the hydrocladium, one 
hydrotheca, two lateral and one median semi tubular thecae for nematophorea. (After Allman.) 

82. —Dia^m of the flattened medusoid of Obelia, showing two of the four ^rradial canals 
with the pendent gonads, four of the eight adradial otocysts. 

88.—View of the oral suiftice of one of the Leptomedusae (Irene jiellurida^ HaeckelX to 
show the numerous tentacles and the otocysts. ge, genital glands; Jlf, manubrium; ot, otocysts; 
re, the four radiating canals; Ve, the velum, (nrom Lankester.) 

84.—Part of the edge of the bell of a Leptomedusan. CC, circular canal; MC, marginal 
cirrhus; MF, inaiginal flinnel; .If7’, marginal tubercle; RC, opening of radial into circular 
canal; T, tentacle (cut short); V, velum. (Modified f^om Haeckel.) 


genera marginal tubercles, slight prominences on the body wall, 
generally containing a prolongation of the coelenteron, often 
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pigmented and provided with cnidoblasts (Octorchis). They are 
often placed opposite to the marginal funnels (subumbral papillae), 
which lie on the subumbral surface above the velum; these are 
conical prominences with an excretory pore at the apex, through 
which fluid has been seen to be ejected from the circular canal 
(Octorchis). These three structures are shown in Fig. 34. 

The sense organs are ocelli, otocysts (marginal vesicles), and 
cordyli (marginal clubs); their arrangement has been utilised for 
purposes of classification. 

The ocelli are generally placed on the tentacle bulbs, but may 
occur also at the bases of the marginal cirrhi, or of the cordyli; they 
may be dotted, in number several hundreds, along the margin of 
the bell (Orchistoma). They are rarely provided with a lens. 

The otocysts are placed at the base of the velum; they are at 
least eight in number, and are then adradial in position (Obelia). 
They are often numerous, and may be reckoned by hundreds 
(Polycanna). The cordyli are indefinitely scattered, and are 
generally numerous 

The gastric cavity is simple, and is excavated in the bell. The 
radial canals are often four in number, and perradial in position 
(Eucope); to these four interradial canals may be added (Meli- 
certum); fresh canals may be added till the number amounts to 
about 200 (Orchistoma). The canals occasionally branch after 
leaving the gastric cavity; in this case only the perradial canals 
may reach the circular canal, the branches ending blindly (Stauro- 
discus); or the branches also may open into the circular canal 
(Berenice). 

The generative cells in the medusoid lie on the subumbral wall 
of the radial canals, rarely reaching back to the gastric cavity or 
on to the manubrium. They form either one central, or two 
lateral flat bands along the course of the canal (Fig. 33); or in many 
cases lie in special pouches on the canals (Fig. 32). They occur 
on the four perradial canals, or on both perradial and interradial 
canals; in species with branching radial canals they may lie on the 
branches also. As in the Anthomedusae, they are placed between 
the ectoderm and the mesogloea, or in the ectoderm itself. The 
sexes are separate. 

The method of formation of the medusoid is of the type 
already described in Anthomedusae. The medusoid may be budded 
from the hydrocaulus (Campanulina) or, more commonly, from a 
blastostyle. Although even fewer medusoids have been traced to 
their hydroids in this group than in the Anthomedusae, no 
medusoid has been observed to develop directly from the ovum, 
and it is probable that a regular alternation of generations or 
metagenesis is the invariable rule. 

Polymorphic Modifications of the Medusoid.— The simpli- 
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fication of the gonophore, the reduction of the high organisation of 
the free>8wimming medusoid, is as noticeable in the Leptomedusae 
as in the Anthomedusae. 

1. The gonophore retains certain medusoid structures, such as 
the radial and circular canals and the tentacles, but the mouth 
is never perforated, and the organism never freed (Gonothyraea). 
In this, and in many far simpler gonophores of the Leptomedusae, 
the ectoderm of the blastostyle is multilaminar \ the inner 
layer gives rise to the entocodon and the exumbral ectoderm 
of the gonophore; the outer layers, separated from the inner by 
a space, form a more or less complete sheath of the gonophores, and 
appear also as irregular strands {gvbernaculum^ Fig. 36) between the 
blastostyle and the perisarc of the gonotheca. 2. The gonophore 
develops entocodon, manubrium, and radial canals, but is devoid 
of velum and tentacles (? Laomedea repens). 3. The gonophore 
develops no entocodon; the ectoderm is multilaminatc; traces of 
an endoderm lamella are indicated (female Sertularia pumila), or 
are entirely absent (Aglaophenia). 4. No trace of the gonophore 
remains; the generative cells are borne directly on the blastostyle 
(male Sertularella polyzonias). 

In these simplified gonophores the generative cells frequently 
lie in the manubrium, as in the Anthomedusae, but not in the 
position of the radial canals, as is the case with the free-swimming 
medusoids of this group. The gonophore or the blastostyle may 
grow directly from the hydrocaulus (Campanulina); most com¬ 
monly they arise from the axil between a hydrotheca and the 
hydrocaulus or hydrocladium (Halecium), or in the centre of a 
hydrocladium (Aglaophenia). They may spring directly from the 
hydrorhiza (Coppinia). 

The Gonotheca and Phylactocarp. —In most cases the 
gonophore, or the blastostyle and gonophore, are enclosed in a 
rigid, horny capsule, continuous with the perisarc, and termed the 
gonotheca (Fig. 35). This is generally oval, or shaped like a flask or 
an amphora ; and is either smooth (Obelia), spinose (Plumularia), or 
annulated (Campanularia). It encloses either a medusoid (Cam¬ 
panulina), or a blastostyle carrying medusoids (Obelia), or a 
sporosac (male Halecium), or a blastostyle carrying sporosacs 
(male Plumularia). It is frequently provided with a hinged oper¬ 
culum (Plumularia). 

The modifications connected with the gonophore and gonotheca 
vary greatly in different genera and species, and even in different 
sexes of the same 8{)ecies; only a few of their types can be sketched 
here. 

1. In Gonothyraea, as already mentioned, a hardly disguised 
medusoid is developed; each gonophore, when nearly mature, 
migrates up the blMtostyle and projects beyond the mouth of the 
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gonotheca, seated upon a peduncle continuous with the opercular 
plate. This type of gonophore has been termed a rMCQnidium. 

2. In Calycella lacerata a blastostyle and gonophore at first lie 
inside a gonotheca of the usual type; the gonophore when nearly 
mature migrates up the blastostyle, and projecting beyond the 
mouth of the gonotheca, secretes a spherical gelatinous cyst, the 
acrocyst, in which it completes the maturation of the generative 
cells. In Sertularia pumila the gonophore, having formed the 
acrocyst as above described, withdraws again into the gonangium, 
leaving the ova behind to develop (Fig. 36). 



86.--Gonotheca of Obelia. From the central blastostyle are budded numerous gonophores, 
each of which becomes a fVee-swiiiniiing inedusoid. (After Allman.) 

86. —Diagrammatic section of the gonophore of Hrrtularin pumila. A, the acrocyst, con¬ 
taining ova; coelenteron of the blastostyle; the first gonophore (sporosac), which has 
formed, and retired from, tlie acrocyst, connectwl with the perlsarc on tne left by strands of 
tissue (gubemacala); G3, the second gonophore at an early stage of formation on the blasto¬ 
style ; OP, opercular plate, an expansion at the distal end of the first gonophore; P, perisare of 
the gonotheca. (After Weismann.) 

87. —Phylactocarp (corbula) of Aglaophenia altenunta, side view. At the point of origin of 
the phylactocarp from the hydrocladium is a hydrotheca with the usual three nematophores; 
the phylactocarp itself is composed of ribs carrying numerous nematophores; the ribs figured 
arch over to meet those of the other side, and cover the gonophores (not shown in the figure). 
(After Allman.) 


3. In Sertularia rosacea, in which the gonophore is also 
borne on a blastostyle, the opercular plate sends out eight hollow 
arms, consisting of the usual body layers; these, projecting out¬ 
wards beyond the mouth of the gonotheca, secrete eight flat spines 
which bend inwards to serve as a marsupitm for the reception and 
protection of the acrocyst. 

4. Another method of protection for the gonophore is found 
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in the family Plumularidae, where the modification of a hydro- 
cladium results in the formation of a special organ termed the 
fhylactocarp^ the complexity and completeness of which vary greatly 
in different genera and species, (a) All the hydroids of a hydro- 
cladium may be suppressed and replaced by gonophores (or blasto- 
styles), which are guarded by the usual median and lateral nemato- 
phores (Lytocarpus). {h) The hydroids, instead of being sessile in 
the centre of the axis of the hydrocladium, project laterally out¬ 
wards, their central position being occupied by the gonophores; the 
peduncles on which the hydroids project are produced each into 
a long rib (homologous, according to Allman, with an elongated 
median nematophore), which bears numerous lateral nematophores. 
These ribs arch slightly over the gonophores (Acanthocladium). 
(c) All the hydroids of the hydrocladium, except one or two nearest to 
the hydrocaulus, are suppressed ; the ribs of nematophores, formed 
as described under (/>), arch completely over the gonophores, forming 
what is termed an open corhula (Aglaophenia attenuata, Fig. 37). 
(rf) In a further stage, deducible from the last, the ribs join to 
form a complete investment of the gonophores, except for one 
(Aglaophenia filicula) or several (A. Macgillivrayi) apertures. In 
this manner the simple hydrocladium becomes converted into a 
closed corbula. 

Origin of the Generative Cells. —The general description 
of the origin and migration of the generative cells in Anthomedusae 
applies also to this group, but the changes there mentioned as 
affecting the structure and functions of the gonophore, and the 
acceleration of the formation of the generative cells, are even more 
marked in the Leptomedusae. In most cases the cells, although in 
all probability migrants from the ectoderm, are first noticeable in 
the endoderm; only rarely are they confined throughout to the 
ectoderm (male Campanularia). They may make their first 
appearance on the manubrium and migrate on to the radial canals 
of the medusoid, in which case they are probably always ecto¬ 
dermal in position (Obelia)} or they may appear in the endoderm 
of the blastostyle (male Campanularia), of the hydrocaulus 
(Gonothyraea), or of its lesser branches (female Campanularia). 
When a free-swimming medusoid is not present, they migrate 
from their place of formation into the gonophore, and generally 
penetrate through the mesogloea into the ectoderm of the rudi¬ 
mentary manubrium or of the sporosac, as in the Anthomedusae; 
they rarely ripen in the endoderm (Sertularella). For the whole 
question see Weismann (10). 

Asexual Reproduction. —Gemimtion is of the same laminar 
character in hydroids of the Leptomedusae as in those of the 
Anthomedusae. In the gemmation of gonophores from a blasto- 
style, it frequently happens that the ectoderm is multilaminar: 



30 


THE HYDROMEDUSAE 


the entocodon and exumbral ectoderm of the gonophore are 
then developed from the inner layer, the outer layers remaining as 
cups or strands of blastostylar ectoderm (Fig. 36) between the 
gonophore and the perisarc of the gonotheca (gubemaculum). 
Gemmation from a medusoid has rarely been noted (Thaumantias 
—Sara, 36), 

Fission in hydroids has occasionally been observed under a 
curious form; a small piece of coenosarc at the end of a growing 
branch becomes nipped off from the colony, and gives origin to a 
hydrorhiza, from which a new colony is produced by gemmation 
(Schizocladium—Allman, 1). In medusoids fission is very rare 
(Eucope—Lang, 34 ; Brooks, 35). 

Sexual Reproduction. —The male and female cells are as a 
rule borne upon sejiarate colonies, but both may occur in different 
gonophores on the same colony (Diphasia fallax). Both have even 
been recognised in the same gonophore, but in this case the male 
cells alone come to maturity (Gonothyraea). One or more ova may 
be present in each gonophore; when the potential ova are 
numerous, one, or one at a time, generally matures at the expense 
of the rest. 

The general outline of development indicated above as occurring 
in the Anthomedusae holds good also for this group. 

Order 3. Trachomedusae. 

Definition. —Hydromedusae in which the medusoid develops 
directly from the ovum (hypogenesis); no alternation of hydroid 
and medusoid generation occurs. The chief sense organs are ten- 
taculocysts, with endodermal otoliths, generally enclosed in vesicles. 
The generative organs lie on the radial canals. 

The bell of the medusoid in this group (Figs. 38, 39) is generally 
hemispherical, with a thick mesogloea (Geryonia), but is sometimes 
thin, and conical or prismatic (Aglantha); it is always of firm con¬ 
sistence and is provided with a strong velum. The edge of the bell 
is provided with a special ring of cnviohlasts^ with the usual nerve 
ring, and in some cases with spiral marginal cirrhi, but the marginal 
tubercles and funnels of the Leptomedusae are not represented. 
Suckers are rarely developed on the edge of the bell (Pectanthis). 

The primary or perradial tentacles are solid, with a cartilaginous 
endodermal axis; between them are often developed interr^ially 
secondary tentacles, which are also solid; both primary and 
secondary tentacles may be either lost or retained, and replaccjl or 
supplemented by tertiary hollow tentacles. The tentacles are 
tipped by a sucker in a few genera (Pectanthis). 

In a few cases the perradial tentacles are alone developed, 
either four (Liriope) or six (Geryonia) in number. To these may 
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be added either four (Sminthonema) or six (Geryones) interradial 
tentacles. By further additions they may amount to more than a 
hundred (Olindias); in Pectanthis they form sixteen bundles. 
The tentacles are 
often arranged in 
two or more rows 
in such a manner 
that some take 
origin, not from 
the extreme mar¬ 
gin of the bell, but 
at a little distance 
from it on the 
exumbral surface; 
the endodermal 
axis of the ten¬ 
tacle still retains 
connection with 
the more central 
endoderm, by 
bending inwards 
through the thick 
exumbral meso- 
gloea. This bent 
axis, together with 
bands of cnido- 
blasts, which run 
from the marginal 
ring alioady men¬ 
tioned to the point 
of attachment of 
the tentacle, give 
rise to the char¬ 
acteristic mantle 
rivets or percmia. 

The muscdaiure of the bell is of the usual type, except for the 
great development of radial muscle bands along the course of the 
radial canals through the subumbrella and pseudo-manubrium. 

In two out of the four families into which this group is 
divided (Petasidae, Trachynemidae) the general relations of parts 
of the medusoid are of the type already familiar (Fig. 5); but 
in the other two (Aglauridae, Oeryonidae) the gastric cavity does 
not lie in the subumbrella, but is situated at the distal end of the 
apparent ** manubrium ”; the latter is really a prolongation of the 
subumbrella, solid except for the radial canals, and may be termed 
a p$9ado4namMum^ The mouth is generally surrounded by four 



Fiii. as. 

CVirwuirirKi husMa (after HaeckelV <t, nerve and 

cnidoblast ring; a', radial nerve and canal; b, tentaculocyst; 
c, circular canal; e, blind centripetal canal; \ ovary ; h, x>eronium 
“ ‘ '■ ;inou8 margin 

** r.like disc; 
ing to the 

twelve solid larval tentacles, resembling those of Cuninat Jk, 
dilatation (stomach) of the pseudo • manubrium; 1. Jelly of the 
disc; p, ^udo-mamibrium ; tentacle (hollow ana tertiary, i,e. 
preceded Dv six perradial and six interradial solid larval tentacles); 
V, cartilamnous margin of the disc covered by thread cells; v, 
velum. (I^iu Lankester.) 
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(Aglantha) or six (Geryonia) short perradial lappets; in the 
Petasidae and Tifachynemidae it opens through the short manu* 
brial cavity into the subumbral gastric cavity; in the Aglauridae 
and Geryonidae it opens directly into the gastric cavity of the 
pseudo-manubrium. The perradial canals which lead from the 

gastric cavity are four 
(Liriope) or six (Gery- 

radial canals are often 

rl ilii ii ^<}ded; both open as 
^ ^ circvlar 

Hgr ^rom the latter, 

w \—^ 4—P m in old specimens of many 

w ^ species, blind cerUripetal 

_ canals grow backwards 

towards the apex of the 
bell, but never reach the 
p gastric cavity (Geryonia); 

their number varies, but 
may amount to twenty- 
\ ^~/— ^ seven between every two 

^ y K radial canals (Olindias). 

Pio, 39 . The generative cells are 

Diagrammatic vertical aection of CannaHna hasto.ta^ formed On the Underside 

a'^f .‘o„‘a‘'S.4f of the radial canals, either 

lube of ail ovary, a lateral extension of a similar canal, their COUrSO thrOUsh 
/, mesogloea of the disc and pseudo-manubriuin; r, per- 1 . 1.11 /r^ ® 

i-adial canal ; rs, its outer, n, its inner wall ; {r, gener- the SUbumbrella (Gery- 
ative cells; *■, gastric cavity; Z, tongue-like process; h, . x 1 ^ ,/ 

{Mironium; c, circular canal; nA:, cartilaginous marginal Onifty Or tUrOUgU tUe 
ring. (From Lankester, after Gegeiibaur.) pseudo-manubrium 

(Aglaura). The cells are arranged in bands, which are flat and 
do not project on the subumbral surface (Geryonia), or in sacs 
which depend into the bell cavity from the subumbrella (Aglantha), 
or from the pseudo-manubrium (Aglaura). In the Pectyllidae the 
sacs are perradial and interradial in position, and are each divided 
into two, and supported by a lamina which passes across the bell 
cavity from the manubrium to the radial canals (mesogonia ); these 
laminae do not appear to have any relation to the mesenteries of 
Scyphomedusae. The sense organs are ocelli and tentaculocysts. 
Ocelli are comparatively rare in this group; when present they are 
generally simple pigment specks, and only occasionally possess a 
lens (Olindias ?). The tentac^Uocgsts are primarily superficial, four 
in number, and perradial in position (Petasus). By their displace¬ 
ment and by the intercalation of others there come to 1^^ in 
many cases, eight (Marmanema) or twelve (Geryonia) nearly per¬ 
radial and interra(]ial tentaculocysts, or sixteen adr^ial (Bhopa- 
lonema). In Olindias there are between one and two hundred of 




THE HYDROMEDUSAE 


33 


these organs. By a secondary growth they become, in many 
eases, enclosed by an overgrowth of ectoderm, so that they lie in 
sacs, which either project on the surface (Trachynema) or are 
sunk in the mesogloea (Geryonia). 

Sexual Reproduction. —(No form of asexual reproduction 
is known among Trachomedusae.) The sexes are separate, the pro* 
duct of the fertilised ovum is always a medusoid. Segmentation 
of the ovum is complete; the endoderm is formed by delamination 
from the ectoderm. The secretion of mesogloea between ectoderm 
and endoderm is considerable, except at one pole of the spherical 
larva, the pole where the mouth is pierced and the tentacles are 
formed. At this stage the organism presents some resemblance to 
a hydroid larva, but its conversion to the adult form is achieved 
by continuous metamorphosis, consisting chiefly in a flattening of 
its spherical outline and an assumption of the characteristic bell- 
shape of the adult. The originally simple coelenteron is converted 
into the canal system of the adult by fusion of the endoderm, 
except along certain lines, forming an endoderm lamella of the 
usual type. 

Order 4. Narcomedusae. 

Definition. —Hydromedusae in which the medusoid form (with 
one exception) develops directly from the ovum (hypogenesis); 
no alternation of hydroid and medusoid generation occurs. The 
chief sense organs are tentaculocysts with endodermal otoliths, 
never enclosed in vesicles. The generative organs lie on the 
subumbral floor of the gastric cavity or gastric pouches. 

The bell of the medusoid (Figs. 40, 41) is generally flattened, 
and provided with a strong velum; the mesogloea is thick and 
extremely tough. The bell is furrowed and its edge incised into 
a series of lappets, by the pefonia^ which, as in the Trachomedusae, 
radiate from the exumbral origins of the tentacles outwards to 
the circumference, marked by a stripe of cnidoblasts from the 
marginal ring. The edge of the bell being thus incised, the 
marginal nerve ring and ring of cnidoblasts are festooned to a greater 
or less extent round the lappets, instead of forming the unbroken 
circle which is generally characteristic of the groups already 
described. 

The four primary tentacles are always placed perradially; they 
are retained throughout life (Cunantha), or two of them are 
dropped (Aeginella), or four interradial tentacles are added 
(Aegineta); many forms however develop more (Solmaris). They 
are always solid, and are placed in most cases on the exumbrella 
at some distance from the margin, their endodermal axis penetrat¬ 
ing far into the mesogloea; they retain, however, an endodermal 
connection with the circular or festoon canal or with the gastric 
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cavity, and an ectodermal connection of cnidoblasts and sense 
cells with the two marginal rings, thus forming the characteristic 
feronia. The sense organs are always free tentacviocysts at the 
margin of the bell; they are never closed as in the Trachomedusae; 
originally they are always four in number and interradial in 
position; this number may be retained throughout life (Gunantha), 
but by later additions they may become extremely numerous 
(Cunina). The otoliths are secreted by one or more endoderm 
cells in each tentaculocyst; they are generally crystalline, 
occasionally spherical. Stripes of cnidoblasts, like that of the 
peronium, which run from their bases up on to the exumbrella, 
form the characteristic otoparpae. The cavity of the subumbrella is 
small, when compared with that of previously described groups, 



Fra. 40. Fio. 41. 


40. —Aeglnum myonuni, a species with eight tentacles and sixteen teiitacnlocysts; letters 
aa in Fig. 41. (After Haeckel.) 

41. —Half-section of Cnnina. CC, circiilar canal; f7, gonad; U dotted outline of lappet; 
between each pair of lappetH lies a j^ronium end a tentacle ; mouth ; .Vi2, nerve ring ; i'*, 
peronial canal; Rc^ radial canal; tentacle, the root of which penetrates to the radial canal; 
Vt velum. (After Haeckel.) 

owing to the great development of the gastric cavity; and its 
musculature is far weaker. 

The OOBLENTERON in most members of this group differs some¬ 
what from the type already familiar. The manubrium is generally 
absent, the mouth opening directly into the gastric cavity; it is, 
however, sometimes present, though short (Cunina). The gastric 
cavity is large, and occupies almost the whole of the subumbral 
aspect. In the Cunanthidae, the radial canals are short, broad, and 
•hallow pouches, extending as far only as the base of each tentacle; 
at this point each canal is split by the peronium into two peromal 
canals which, after a short r^ial course, turn round the edge of the 
bell in festoons to form the circular or festoon canal. In the Pegan- 
thidae and Aeginidae the conditions are much the same as in the 
Onnanthidae, but the radial canals are practically suppressed; the 
peronial and festoon canals remain. In most members of the Sol- 
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maridae, the radial, peronial, and festoon canals are suppressed, 
being represented only by solid cords of endoderm cells. 

The arrangement of the generative organs varies considerably ; 
they are always developed from the subumbral wall of the 
coelenteron, but may form either a continuous ring (Solmaris), or 
radial pouches (Cunina); the radii in which they lie are speciiically, 
not generically, characteristic. 

Reproduction. —In some cases the development of the medu- 
soid from the fertilised ovum follows along the lines of a continuous 
metamorphosis, the diblastula becoming gradually converted into 
the form of the adult medusa (Aeginopsis mediterranea). In 
Cunoctantha octonaria the diblastula becomes parasitic on an 
Anthomedusan (Turritopsis); and both it, and buds formed from it, 
gradually assume the adult form by a continuous metamorphosis. 
The life-histories of some other forms cannot be said to be as yet 
fully understood ; in Cunina parasitica the diblastula is parasitic on 
Geryonia hastata; its buds become Narcomedusae of a somewhat 
Solmaridan type, but the planula does not itself develop into a 
medusa; there is thus here an apparent alternation of at least 
two different generations. In Cunina proboscidea a form of asexual 
reproduction termed sporogony has been described; neutral 
amoeboid cells, neither ova nor spermatozoa, wander from the 
generative organs into the endoderm and mesogloea, and develop 
into medusae (Metschnikoff, 13; Brooks, 14 ; Maas, 44). 

Order 5. Hydrocorallinae. 

Definition. —Colonial metagenetic Hydromedusae with a cal¬ 
careous skeleton, into which the gastrozooids and dactylozooids can 
be retracted. The skeleton is perforated by coenosarcal tubes, on 
which the gonophores are generally formed. 

The Hydrocorallinae (Moseley, 37) are colonial and trimorphic 
and secrete without exception a massive (Millepora) or branching 
(Allopora) calcareous skeleton, the coenenchyme (coenosteum). The 
relations of this skeleton are best understood by the conception of a 
branching and anastomosing hydrorhiza, the ectoderm of which 
secretes, not a horny perisarc, but calcareous trabeculae which fill all 
the interspaces between the tubes of soft tissue. The surface of the 
coenenchyme is either pitted with pores of two or more kinds, 
gastrapores and dadylopores, into which the gastrozooids and 
dactylozooids can be withdrawn (Millepora, Fig. 42), or is produced 
into spouts (Spinipora) or cups (Stylaster) for the same purpose. 
The pores may be scattered, or may be arranged in definite sykem^ 
in which the dactylozooids are in lines parallel to, and on each 
side of, a line of gMtrozooids (Distichopora), or in circles round 
the gastrozooids (Stylaster), Fig. 43, h and c. A circular system 
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(cydosyslm) may be protected by a calcareous flange (Cryptohelia); 
in some cases calcareous laminae between the dactylozooids of a 
cyclosystem simulate the arrangement of septa in an Anthozoan 
theca (Allopora). In branching forms the whole thickness of the 
branch is ohen permeated by coenosarcal tubes; in massive forms 
the living tissues are confined to the circumference, and by secreting 
plates of coenenchyme behind them as they grow peripherally 
outwards, give rise to tabulae below the zooids. Calcareous brush¬ 
like styles rise in some instances from the tabulae of both gastro- 
pores and dactylopores (Stylaster), or in the gastropores only 



Fio. 43. 


42. —Portion of the calcareous eorallum of Millepora iiodom^ showing the cyclical arrange* 
ment of the pores occupied by the hydroids. Twice the natural size. (From Moseley.) 

43. —Enlarged view of the surface of a living Millepora, showing five dactylozooids surround¬ 
ing a central gastrozooid. (From Moseley.) 

(Distichopora). Special pits for the reception of the gonophores 
may occur in the coenenchyme, and are termed ampdlae. 

The coenosarc is covered by a superficial sheet of ectoderm 
which is provided with very large nematocysts. This sheet, which 
is perhaps composed of two layers, rests partly on spines of the 
skeleton, partly on the blind ends of the coenosarcal tubes, and in 
retraction is continued downwards as a lining to the pores; here 
it becomes continuous with the ectoderm of the zooids, and appears 
to form a circular operculum over them when retracted completely. 
Elsewhere than in this sheet, ectoderm, mesogloea, and endoderm 
bear to one another the relations usual in Hydrozoa. 

The hydroids (Fig. 43) are of two kinds. The gastrozodds^ the 
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nutritive zooids of the colony, may possess capitate tentacles 
(Millepora), generally four, six, or twelve in number, or may 
be entirely devoid of tentacles (Astylus). The endoderm cells 
near their mouths are swollen and secretory. The dadylozooids 
are generally devoid of mouths, and either have (Millepora) or 
lack (Stylaster) capitate tentacles; their endoderm cells are not 
enlarged. In some genera two kinds of dactylozooids are dis> 
tinguishable by size and position (Spinipora). 

Both forms of hydroid have strong retractor muscles, and 



Skeletons of Allopora (upT)er left hand), Errina (lower left hand), and 
Styla9t€r (right hand). 


large complex nematocysts; they are composed of the usual body 
layers, and are connect^ at their bases with the tubular coenosarc 
by radiating tubes. 

The structure of the gomphores (Hickson, 38) varies considerably 
in different genera, but is apparently in all cases referable to a 
simplification of the medusoid type, such as has been sketched in 
Anthomedusae (p. 20). The gonophore is not known to be ever 
freed; it develops neither velum, tentacles, mouth, nor sense organs; 
a manubrium is not invariably present. In Millepora Murray! the 
gonophore is formed at the apex of a dactylozooid (cf. Limnocc^ium, 
Seyphistoma), in the other forms hitherto investigated it is formed 
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on the course of the coenosarcal canals, and often lie? in a special 
pit of the coenenchyme, termed the ampulla. An entocodon is not 
formed in the usual way; instead of this, which is an ectodermal 
downgrowth to be hollowed out eventually into the subumbral 
cavity, the body wall at the sides of the generative cells grows 
upwards, and arches over the manubrium to form the same cavity 
(Millepora). All traces of medusoid structure are lost in some 
cases (male Distichopora). Radial canals may be entirely absent 



436.—Diagramn illuatrating the auccesaive atagea in the development of the eycloayatems 
of the Styloateridae. 1, Simoulovora ; 2, 8 , AUopora; 4, 5, Htylaster; (3, Aatylut nihvirtdU: 7, 
Diatichopcra eocdrua. a, atyle ; dji, dactylopore; gjy, gaatropore; b, in ttg. 0, inner liomeahoe* 
ahaped mouth of gaatroj^re. (After Moaeley, from Lankeater.) 

48c.—Portion of tlie coralluin of Astyliu aubviridU (one of the Stylnateridae), allowing 
eycloayatema placed at iiitervala on the biuiichea, each with a central gaatropore and zone of 
alit*like dactyfoporea. (After Moaeley, from Lankeater.) 

(Millepora), or may be present in varying numbers (twelve in 
female Distichopora). 

Reproduction. —Asexual gemmation of hydroids is apparently 
of the usual laminar character. The development of the sexually- 
produced embryo has not been traced. 

Order 6. Siphonophora. 

DSFiNinoH.—Colonial free-swimming Hydromedusae with 
numerous polymorphic modifications of both hydroid and 
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medusoid, and a metagenetic life-history. Gonophores rarely 
freed, generally sessile. 

The Siphonophora (for the literature of which Haeckel, 39; 
Chun, 40, 41; and Schneider, 42 ; should be consulted) are invari¬ 
ably free-swimming, colonial, and polymorphic. Just as the planula 


in some Anthomedusae does not 
itself develop into a hydroid, 
but becomes a budding hydro- 
rhiza, so in all probability, in 
this group (a part at least of), 
the planula is to be regarded 
as itself giving origin to the 
coenosarc, and as budding 
numerous individuals of vary¬ 
ing form and function. The 
composition of the colony is 
very different in the different 
families, but is generally a 
combination of some of the fol¬ 
lowing hydroid or medusoid 
individuals. 

Polymorphic Modifica¬ 
tions OF THE Hydroid:— 

1, The gastrozooid (siphon, 
polypite) has a large mouth, 
and is provided with nemato- 
cysts; at or near its base is 
usually placed a single tentacle 
(Figs. 44,e; 51, G), The tentacle 
is generally extremely long and 



Fio. 44. 


contractile; it is tubular, and is 
either itself provided with bat¬ 
teries of nematocysts (Apolemia), 
or bears a large number of fine 
lateral threads or tentilla, carry¬ 
ing numerous nematocysts 
(Forsk&lea). The latter can 


44.—Diagram showing possible modiflca- 
tions of nieausoids and nydroids of a colony 
of Siphonophora. n, pneumatophore; 1% necto* 
phores (swimming bells); 1, hydrophylliuui 
(covering piece); generative medusoid ; y, 
dactylozooid with attached tentacle, K ; f, gas¬ 
trozooid, with branched grappling tentacle, 
f; stem or corm. The thick black line 
represents endodenn, the thinner line eotodenn. 
(After Allman.) 


sometimes be spirally retracted into a protective cup or involucnm 
(Agalmopsis). In some cases no tentacle is developed (Yelella). 


The endoderm of the gastrozooid is generally pigmented, and often 


projects as villi into the coelenteron. 

2. The daciylozoaid (hydrocyst, palpon) is generally devoid of 
a mouth, and provided liberally with nematocysts. The palpade 
or tentacle of the dactylozooid is never branched, and generally 
mws on or near the base (Figs. 44, y, h ; 51, i>, 7). No tentacle is 
developed in some cases (Yelella). To such an extent are the 
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modifications of polymorphism carried in this group, that it is 
sometimes impossible to form an opinion as to whether a particular 
structure is to be regarded as tentacle or dactylozooid. 

3. The hlastostyle (gonostyle, sexual palpon or siphon) which 
produces sexual medusoids by gemmation, is generally devoid of 
a mouth, but not invariably (Velella—Fig. 48, £L). It develops 
no tentacles. The blastostyle sometimes branches into a gonodendran 
(Physalia), (Fig. 51). 

Polymorphic Modifications of the Medusoid ;— 

4. The sexual medusoid is set free from the colony (? Physalia, 
Velella) or remains fixed (S Physalia). It may have the typical 
structure of the Anthomedusan medusoid (Velella), or may exhibit 
the various stages of arrest in development already described (p. 
20). Even when arrested at an early stage it is sometimes freed, 
and swims by means of cilia (i Forsk&lea); more often it is a 
permanently fixed sporosac ( 6 Physalia). The medusoid is budded 
from a blastostyle (Velella, Fig. 48),from the ccenosarc (Agalmopsis), 
or from the pedicle of the gastrozooid (Diphyes, Fig. 47). Most 
colonies of Siphonophora are hermaphrodite, and in some cases 
so also are the gonodendra (Physalia); the medusoids are either 
male or female. 

6. The nectophore (nectocalyx, nectozooid) is a medusoid 
devoid of tentacles, manubrium, and mouth, but retaining the 
characteristic velum, circular, and radial canals (Figs. 44, k\ 45, 
m; 46, JVJV"). The musculature is well developed. The necto¬ 
phore has a locomotor function. 

6. The hydrophyllium (bract, phyllozooid) is a shield-shaped 
medusoid, of protective function (Figs. 44, i; 47, if). It consists 
typically of a somewhat curved plate of thick mesogloea, covered 
externally by ectoderm, and containing a solid endodermal core 
(jphyllocyst). Its medusoid origin may be inferred from a few 
species in which it retains a structure intermediate between that of 
medusoid and typical hydrophyllium; in Athoria, for example, 
its apex is excavated into a rudimentary subumbral cavity with 
minute circular and radial canals, and four knobs representing 
rudimentary tentacles. 

7. The pneumaiophore^ an apical air sac of hydrostatic function, 
appears under two quite distinct forms. 

(a) In the Physonectae and Cystonectae, it is probably a highly 
specialised medusoid, the exact homologies of which are obscure 
(Figs. 44, n; 45, a '; 49, PiV). It is formed typically as a swelling 
at the upper end of the coenosarc, into which in the course of 
development an entocodon pushes its way. The ectodermal 
cavity thus produced is distinguishable into two regions—a 
central part, the air gland, secretes a gas which passes through 
a pylorus into a distal part, the air sac, lined by a chitinous 




THE HVDROMEDUSAE 


41 



Fio. 47. 


45. —Pfcyiophom hydrodatiea. a, iitem or comi of the colony; a\ pneumetophore (air- 
bliulder); m, nectophore; o, orifice fonned by the mar^n of the umbrella; I, hydrophyllia; n, 
gMtrosooid; i, tentaclee; g, sporoaecs. (From Qegenbanr.) 

46 . — Diagnun of the etnicture of a Dlphyid. C, coenoearc carrying cormidia : CC, cir¬ 
cular canal of nectophore; /f, hydroecium; N*, upper, and N'*, lower, nectophore; P, pedicle 
of lower nectophore JtC, redial canale of nectophore; SO, aomatooyat (Modified ftom 

47. —Diagram of the etnicture of an Braaeome (firee monogaatric generation of a Diphyid). 
C, fluitioaootd; H, hydrophylliaiii; M, aexual meduaoida; N, nectophore; OL, oleocyat; 
T, tantaelf of gaatroiooid. (Modified from Haeckel.) 

17 
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secretion. Between the air gland and the outer wall of the 
pneumatophore lie in many cases radial pouches and septa of 
varying number, which perhaps correspond to the radial canals 
of a medusoid. The air sac may be closed (most Physonectae) 
or open by a pore to the exterior (most Cystonectae), 

(6) In the Disconectae the pneumatophore is at first a single 
chitinous chamber; round this are added concentrically and in 
one plane chitinous tubes of varying number, which communicate 
with each other, and with the central chamber, by pores in their 
walls, and in some places open also to the exterior. The chitinous 
plate thus composed may bear a crest or sail, set at right angles to 
the plane of the plate, but obliquely to its longer axis (Velella), 
and is covered on all sides by the ectoderm which secretes it. Air 
tubes or tracheae from the pneumatophore penetrate the centradenia. 
There is reason for supposing that the pneumfitophore even in the 
Disconectae is derived from a highly modified medusoid (Figs. 48, 
PiV; 50). 

8. The auroplwre is perhaps also a highly modified medusoid, char¬ 
acteristic of the Auronectae ; it is placed at the side of the pneumato¬ 
phore, is ovoid in shape, and is traversed by a minute canal which 
leads from the cavity of the pneumatophore to the exterior. Round 
this canal lies the pistillum^ a mass of muscle enveloped in a strong 
chitinous tube; external to this lie successively ectoderm, meso- 
gloea perforated by branching endodermal tubes, and the super¬ 
ficial ectoderm (Figs. 48/;, 48c). The function and homologies of 
the aurophore are most obscure (Fewkes, 43). 

Types of Siphonophore Colonies :— 

The polymorphic individuals above described are very differ¬ 
ently combined in the different sub-orders of the Siphonophora. 

(a) In the Disconectae (Fig. 48) a single gastrozooid is sur¬ 
rounded by numerous blastostyles, and, beyond these, by numerous 
dactylozooids. They all spring from a mass of coenosarc which 
underlies the pneumatophore, composed of ectoderm, mesogloea, and 
ramifying endodermal tubes; the cells of the latter are apparently in 
some places renal, in others hepatic, in function; the whole struc¬ 
ture is termed the centradenia, and is perforated by tracheae. The 
coenosarc entirely envelops the pneumatophore, and projects 
laterally for some distance beyond it; at its edge runs a cir¬ 
cular canal. 

{b) In the Calyconectae (Figs. 46, 47) no pneumatophore is 
developed. There are one or two, rarely more, large nectophores, the 
uppermost of which has on one side either an open groove (Cyp- 
bonectes) ora tube closed at theupperend (Diphyes)—the hydroedwn 
or infundibulum, lined by ectoderm. From the upper end of this 
cavity spring both the pedicle of the second nectophore when present, 
and the long tubular coenosarc (Diphyes, Fig. 46); or the nectophores 
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Fiq. 48. 


48.»Di«gnun of the etnictara of Velelle. showing the central and peripheral thirds of 
a half-section of the colony, the middle third being omitted. Ihe ectoderm is indicated by 
close hatching, the endodenu by light-hatching, the mesoffloea by thick black lines, the homy 
skeleton of tiie Meumatonhore and sail by dotung. hh^ biastostyle; C, eentnulenia; D, dacty • 
losooki; BCy edge of colony, prolonged beyond the piieuniatophore; (7, cavity of the large 
central gastrosomd; Jf, mednsolds attached to blastostylea; iW, priiuaiy central chamber, and 
a ooncentrio chamber of the pneumatophore, the former showing the opening into the 
iH'eond chamber, the latter showing an opening to the exterior, and a trachea "; 5, sail. 

48a.—Ihrni tho thonl atpsot, showing the pneumatophore, and expanded dactylo- 
Booids. (hnsrAgaislx.) 
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are attached side by side, leaving an incomplete hydroecium between 
them (Praya); or the hydroecium is altogether absent (Galeolaria). 
It serves essentially as a protective canal, into which the coenosarc 
may be withdrawn. The coenosarc is extremely long, tubular, and 
contractile; its endoderm is continued upwards beyond the hydroe¬ 
cium as the blind somatocyst (acrocyst), the upper end of which 
usually secretes an oil globule, presumably of hydrostatic function 
(pleocyst). The coenosarc carries either a cormidium^ or numerous 
cormidia at regular intervals separated by free internodes; they 
are aggregations of individuals, which may in some cases become 
freed from the colony. They generally appear under one or other 
of two main forms—Eudoxomes, which consist typically of hydro- 
phyIlium, gastrozooid with tentacle, and one or more medusoid gono- 
phores; or Ersaeomes, in which typically a nectophore is added to 
the persons which occur in the Eudoxome. In some cases hydro- 
phyllia are absent; in others more than one gastrozooid is present 
in each cormidium (Apolemia). 

(c) In the Physonectae (Fig. 45) the coenosarc is generally long 
and tubular, and carries at its apex a small pneumatophore ; below 
this generally occur series of nectophores followed by series of 
hydrophylliaj but either may be developed without the other; 
these are followed by the cormidia. There may be only a single 
gastrozooid (Athoria); generally they are numerous. Dactylo- 
zooids are generally present, each provided with a simple palpacle; 
sometimes they have an oral opening, and appear to serve for excre¬ 
tion {cysions). The cormidia are generally ordinate, with free 
internodes, but are rarely scattered irregularly along the stem 
(Forskalea). Each cormidium is composed typically of a gastro¬ 
zooid with a branched tentacle, one or more hydrophyllia, blasto- 
styles, gonophores, and cystons. 

{d) In the Auronectae (Figs. 48a, 486) a small and highly 
modified sub-order, the coenosarc is short and very thick, and is 
traversed by anastomosing canals. It is covered above by a large 
pneumatophore, provided “ dorsally ” with an aurophore; below 
this lies a corona of nectophores. The lower part of the coenosarc 
is covered by cormidia more or less ordinate in arrangement, each 
consisting primarily of a gastrozooid with tentacle, a branched 
gonodendron, and a palpon (dactylozooid). 

(e) In the Cystonectae (Fig. 49) a large pneumatophore is also 
developed, but the family is distinguished by the complete absence of 
nectophores and hydrophyllia. The coenosarc is long and tubular 
(Rhizophysa), or ^hort and wide (Physalia); in the former case 
the cormidia are generally ordinate, in the latter they are arranged 
in a multiple series along the ventral side of the trunk ; they con¬ 
sist typically of one or more tentaculate gastrozooids, of gono- 
dendra, and dactylozooids. 
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Reproduction. — The asexual reproduction of this group is 
apparently of the usual laminar type: medusoids, nectophoret, 



FlO. 51. 

40.—Ditgntni of PhyMilia (iiioditied ftuut Cuvier and Haeckel). 

60.—Upper aurface of Velella, allowing pnenmatoi^ore and aall (after Cuvier). 

51.—Cormidium of Phyaalla, with a gonodendron (modifled from Haeckel). 

D, dactylozooid; f7, mtrozooid; OP. gonopalpon or daetyloiooid on the gonodendron; 
119 1 female meduaoid, ultimately freed; Jif male aporoaao; PN, pneumatophore; T, tentacle 
(paipacle) of dactyloaooid or palpon. 

and (sometimes) hydropbyllia are formed after the manner sketched 
on p. 20. The development of the fertilised ovum ia known only 
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from observations on a few forms which are too widely different to 
allow of a general developmental scheme being as yet laid down. 
A planula is apparently always formed ; the first individual budded 
from it may be a pneumatophore (Halistemma), nectocalyx 
(Epibulia), or hydrophyllium (Agalma). The coenosarc may be 
a lateral extension of the first gastrozooid (Cystonectae), or may 
be its elongated stem (? Physophoridae, Calyconectae). 


Appendix to Hydromedusae. No. I. 

Limnocodium and Limnocnida, 

These are two freshwater medusae, the first-named known only from 
the Victoria Regia Tank of the Royal Botanic Society in London, the 



Flu. hi. Fro. 54. 

62.—Liinnocodiuni, an seen floating, x 5. MR, nmrginnl nerve and cnidoblast ring; Ve, 
velum; P'i\ iwrradiiil teiitncle. (After Lankester.) 

58. —PolypM of Liinnoc<xiiiiin on weed (after A. O. Bourne). 

64.—Diagruiii of the Benue organn of Liinnocodinin and Limnocnida. C, cavity of the 
VMicle, which in Liinnocodinin is continued as a canal into the velum; EC, ectodenn of the 
MUM ormii; EC, ectodermal lining of the vesicle; KN, refringent endoderm cells of the sense 

X I; KS\ granular endodenn cells of the sense organ; KIP', position of endoderm of the cir- 
canal. (After Lankester and Qtinther.) 

second known only from Lake Tanganyika. They undoubtedly belong to 
the Hydromedusae, and to different orders of the class, but it is still a 
matter of difficulty to assign them to any of the existing orders. 

Limnocnida (Fig. 55) presents points of resemblance both to Antho- 
medusae and to Narcomedusae. It shares the manubrial position of its 
generative organs with both these orders; but in the shortness of the 
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Fio. 56.—LimnocnidA from the oral surface (after OUnther). 


manubrium and shallowness of the gastric cavity, it strangely resembles 
^ many Cuninae, and in bud* 

P ding from the manubrium, 

it approaches the Antho* 
medusae. No hydroid stage 
has been observed in its life- 

^ Limnocodiiim, on the 

other hand, resembles more 
clo^ly Leptomedusae and 
Trachomedusae (Figs. 62, 
^ 63). Its generative organs, of 

which the male only have 
been observed, are placed on 
the radial canals, as in both 
these orders; but it hai a 
hydroid stage, a thing not 
known in any Tracho- 

Fio. 55a.—Diagram of the gemmation of the medu* meduMii known not to 

sold of XimaocodSm. o, external ectoderm; 6, eiido- KnoMn not 10 

derm of the ladtal canals ;c,coelenteron of the hydroM; OCCUr in many Trachome* 

d, cavity ojf radial canal; e, ectoderm of niaiittbrlum; ««J nrolmWv 

/, rudiment of eubumbrol cavity; y, cavity of mami* and probably universal 

biium; A, endoderm of manubrium, with blind canals amotlif Leptomedusae : yet 
0):l.*.ectod«mof.i.t«»4on. (Alter Fowler.) cWter of 

bell and tentacles suggest Tracbomedusan affinities. 
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The continuation of the tentacles along the cxumbral surface into a 
“ root,” which occurs in both of the freshwater genera, although not quite 
of the character known in Trachomedusae and Narcomedusae, is never- 
-rr ^ theless suggestive, and the presence of some- 

thing corresponding to peronia points in the 

v>'» iTIl As regards the characterof the sense organs, 

1 I which are of great diagnostic value throughout 

1 \ class, Limnocodiuni and Limnocnida agree 

irm t* *1 other in possessing similar organs, of 

I ?. ^ a type not known in any other Hydromedusaii. 

U- S Ji These organs (Fig. 54) resemble tentaculocysts 

» « fir In possessing an endodermal axis, but differ 

them in position and in not secreting 
an otolith ; they lie each in a closed vesicle 
, V® * « lined by ectoderm and surrounded by meso- 

! gloea. The vesicle in Limnocnida is situated 

1 exumbral nettle-ring at the base of the 

velum, and in Limnocodium, in the base of 
£?.|[ the velum itself, into which latter it is con- 

tinned as a long canal. It may perhaps be 
SSjft uin eventually shown that a modification of cordyli 

— |V in one direction has resulted in the produc- 

I these organs, in another in the forma- 

H tentaculocysts. 

|?Jfl Microhydra and Protohydra. 

These two forms of uncertain position 
W ^ need only brief mention, 

uji r \ They agree with the hy- 

fiV; / ; \ droid of Limnocodium in 

o F v: 4 the absence of tentacles. 

'' While Microhydra (Ryder, 

it Ja reproduces by lateral 


ProtoK^ra Icudt»r(ii,expanded, 
contracts, and in strobilation 
(after Oreef).- 


gemmation, Protohydra (Qreef, 24a, 
undergoes a process of transverse 
strobilation. 

THrapUUia (TetrapUron) volitam. 



Fia. 63c. 

TdrapkUia txAitans (after Viguiery 


Thii remarkable organism 

(Vigttier, 47) of marine habitat has been recorded bj four observers only. 
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It is of elongate form, with a mouth at the lower pole. In section it is 
somewhat square for the greater part of its length, but nearly midway 
between the oral and aboral pole the body is constricted by a groove ; at 
this point the tissues of the four angles of the square section are continued 
across the constricting groove as flying buttresses. In the groove and 
between the buttresses spring four bilobed paddles or wings, each lobe 
carrying an otocyst The ect^erm is ciliated and provided with nemato- 
eysta The coelenteron, otherwise simple, is continued through the 
buttresses ; the endoderm of the paddles is solid. While the nematocysts 
and otocysts undoubtedly place this form with Hydrozoa, its exact position 
has yet to be determine<l. Nothing is known of its development 


Appendix to Hydromedusae. No. II. 

GraptoUthidae, 

The forms generally included in this class are known only in a fossil 
state, and are divided into three orders, which possibly bear but little 
genetic affinity to one another. 

Order 1. Dendroidecu These forms often exhibit a marked re¬ 
semblance to Sertularian colonies (Dendrograptus). The zooids appear to 
have been often dimorphic ; in Dictyonema rarum each branch presents 
a common canal, from which are given off pairs of dimorphic thecae open¬ 
ing in opposite directions (? hydrotheca and gonotheca). 

Order 2. Graptoloidea, These forms possess also a tubular skeleton 
with a common canal, and thecae of an apparently Sertularian type. The 
stem is stiffened by a solid axis {yirgula) which lies in a groove of the 
perisarc. The theca of the primary zooid (iicula) does not increase con¬ 
tinuously in length. In this group also there appears to have existed a 
dimorphism, pear-shaped capsules (Daw'sonia, Fig. 56 *) being often found 
close to or attached to a Qraptoloid. The sicula when perfect exhibits two 
regions—a smaller, slighter, embryonic chamber, continuous with which is 
a stronger, larger, and darker chamber ; the mouth of the latter is gener¬ 
ally provided with a spine. 

Sub-Order 1 . Monoprionidae (Fig. 56^ The thecae m this 

sulvorder are arranged on one side of the axis only. The sicula may face 
either in the same direction as the mouths of the other thecae (Mono- 
graptidae, Leptograptidae) or in the opposite direction (Dichograptidae, 
Dicranograptidae). The second theca is budded from the sicula, the third 
from the second, and so forth, a common canal placing the thecae in 
communication with one another. 

Sdb-Order 2. Diprionxdae (Fig. 56 The thecae in this group are 
arranged on two or four radii from the axis. These forms are linked with 
the Monoprionidans by (a) Dicranograptus, the colony of which is at first 
Diprionidan, and later bifurcates into two Monoprionidan stems, and by 
(h) Dimorphograptus, in which the stem is at first Monoprionidan, then 
Diprionidan. The colony may exhibit two (Diplograptidae) or four 
(Phyllograptidae) rows of thecae; the virgula is centrally placed, and each 
row of the^ generally has a separate common canal of communication 
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between its members, the canals communicating below w'ith each other 
and with the sicula. The sicula faces in a direction opposite to that of 
the other thecae. 

There is some ground, at present most insecure, for the belief that, in 
both Monoprionidae and Diprionidae, the individual stems were united 
into colonies, and sprang from a central mass, the sicula being at the distal 
end of each stem. The Graptoloids range from the Lower Arenig beds up 
to the Silurian inclusive, and it would appear from their distribution that 





Fiu. 60 . 

DiAgrniiiH illustrating the structure and development of Grai)tolitea. 1, Monofiraptug 
primlon (ufter Nicliolson); 2, longitudinAl, and 3, transverse sections of Momgraptus 
priothn: 4, transverse section of Pkyllognuftus; 5, Isise of colony of Didymogi'aptiis viinutu$t 
H two.branched Monoprionidan (after Wiiimn); 0, GmptolUes with supposea gonangiuin 
(Dawsonia) in place (nft^r Hi»ernes); 7, base of colony of JHplograptus (after Wiman); 8, part 
of colony of RetioliUs, the perisarcal ineshwork has been left on one theca only (after Holm); 
9, transverse section of Hetiolitetf, showing two thecae, the common canal, and the perisarcal 
mesh work growing out from the lip of each theca. t*(7, common canal; sicula; S', mouth of 
aicula; T, theca; F, virgula; V, zigzag virgula of JUtioliUs; II, III, IV, etc., indicate sue* 
eiMsively fonned thecae, b' being the tirst formed. 

tha Diprionidan forms are the older, the Monoprionidan forms having 
ariien by the suppression of a row of thecae. 

Ordbr 3. Eetioloidea (Fig. 66®'*). This group, which is well 
developed in the Ordovician rocks, includes Graptolites which have no 
trae sicula, but are characterised by the periderm forming an open mesh- 
work. The thecae are generally arranged in two series; one or two 
virgolae may be developed. 
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CLASSIFICATION AND LIST OF THE GENERA OF 
HYDROMEDUSAE. 

It is not at present possible to furnish a satisfactory classification of 
the Antliomedusae and Leptomedusac. The systems of Hincks and of 
AUman are based on hydroid structure, that of Haeckel on medusoid 
structure; our knowledge of tlie ontogenetic connection between indi¬ 
vidual hydroids and medusoids is at present so small that any attempt to 
combine tlie two systems must necessitate failure. The double systems, 
liydroid and medusoid, are therefore here given separately; where 
jiracticable, each generation has the corresponding generation a 2 )i)ended in 
brackets ; but even in the few cases here cited, the assignment of hydroid 
to medusoid, and contrariwise, is often a matter of inference rather than 
of proof. No attenijit has been made in the present article at a critical 
treatment of the current systems. The chief authorities utilised in this 
classification are Allman (2), Haeckel (4, 39), Hincks (7), Moseley (37). 
Anotlier system of the Anthomedusae is to be found in Vanhbffen’s Versuck 
etner naturliche Gruppirung der Anthomedusen^ Zool. Anz. xiv. 1891. 
Several genera are thrown together and medusoids assigned to hydroids 
on the authority of Browne’s British Hydroids and Medusae (Proa Zool. 
Soa 1896). 

Notb. + unites various liydroiil genera attributed to the same medusoid genus, or various 
medusoid genera attributed to the same hydroid genus. 

[ ] Square brackets indicate the corresponding medusoid genus in the hydroid scheme, or the 
corresponding hydroid genus in the medusoid scheme. 

a indicates a synonym. 

8 indicates a sessile gonophore, in coutrast to a frce-swimming medusoid. 


CLASSIFICATION OF HYDROMEDUSAE. 

Order 1. AnthoxneduBae — Gymnoblastea. (For definition, see p. 11.) 
(a). Medusoid Scheme. 

Family 1. Codomidae. Genera— Codonium^ Hkl., 4* Sarsia^ Lesson, 
Syndictyon^ A. Agaas., [Syncoryne]; Ectopleuray L. Agass., [Ectopleura^'t 
Dipurena^ M‘Crady, =* Slabheria, Forbes; Bathycodon, Hkl.; Dicod<mium^ 
HkL; DinemUf v. Bened., [Perigonimus]; Steenstrupia, Forbes, + Hybo* 
eodaUf L Agass., = Amphicodon, Hkl., « Diplura^ Alim., + Arnalihaea^ 
O. Schmidt, [Corymorpha’]; Euphysa^ Forbes, [Halatractus]; Glohiceps^ 
Ayres, [Pennaria], Family 2. Tiaridae. Genera ^— Protiara^ HkL; 
Modeeria, Forbes; Corynetes^ M‘Crady, [Halocaris]; Amphinema, Hid, 
[? Perigonimiu]; Codonorehit^ HkL; Stomotoca, L. .^ass.; Pandaea^ Less.; 
(7onig,Brandt; Ttara^ Less., [Perigmimus ']; Turrisy Jje8B,y [Turris » Clavula\\ 
Cataldemay Hkl.; Turritopsisy M‘Crady, « Callitiaray HkL Family 3. 
Mabgelidab. Genera —Cytaeisy Margelliumy Hkl, + 

HkL, -p Dysmorphesay Phil, -f- Lizziay Forb.(pars.), [Podocoryne ]; CytandroMy 
Hid, \Rh/melin ^; Lizusay Hkl.; Lizzellay HkL ; ThamnitiSy HkL ; Thamno* 
dylusy HkL; Thamnoitarnay Hkl.; Limnoceay P4ron; MargeHSy Steenstr., + 
Hippocrensy Mertens, [Bougainvillea ']; Nemopeisy L. Agass.; Rathkeuy Bra^t. 
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Family 4. Cladonbmidae. Genera —Pteronenia (? a Codonid), HkL ; Zan- 
ciea, Gegenb.; Gemmaria^ M‘Crady [Gemmaria ]; Eleutheria^ Quatref., 
[Clavatella ]; Ctenatia^ Hkl.; Dendronenia^ HkL; Cladonema^ Divj., 
[CUtdonema = Stauridium] (? a Codonid); Willda^ Forljes, \Lar\, 

(6). Hydroid Scheme. 

Family 1. Clavidae. Genera — Clava^ Gmel. [S]; Rhizogeton^ A. Ag. 
[S]; Cordylopkora^ Alim. [S]; Tnhiclava^ Alim. [S]; Merona, Norm. [S]. 
Family 2. Turridae. Genera— Turris^ Less., = C/avwZa, Str. Wright, 
[Tarris ]; Campaniclava^ Allni. [S]; Conjdendriumy van Ben. [?]; Dendro- 
clavay Weismann, [Dmdroclava] (? Pandaeid). Family 3. Corynidae. 
Genera — CorynSy Gartn. [S]; Actinogoniurtiy Alim. [S]; SyncorynSy 
Ehrenb. (pars.),[Codonium + Sarsia + Syndictyon]; GymnocoryneyKincka [?]; 
Corynetesy M^Crady, [Corynetes = Halocaris ]; Gemmariay M*Crady, [Gem- 
maria] ; Sphaerocoryncy Pictet [?]. Family 4. BonOAiNviLUtDAB. Genera 
—Bougainvilleay Less., [Margelis + Hippocrene ]; PerigonimuSy M. Sars., 
[Dinema + l Amphinemd]; BimerUiy S. Wright [S]; Dicoryney Alim. [S]; 
Stylactisy Alim. [S]; Garveiay S. Wright [S]; Wrightiay Alim., = AtractyliSy 
S. Wright [S] ; Hydrantheay Hincks [S]; Heterocordylsy Alim. [S]; Cionistesy 
S. Wright [S] ; Stylactellay HkL [?]. Family 6. Eodendriidae. Genus 
—Eudendriumy Ehrenb. pars. [S]. Family 6. Pennariidab. Gtenera— 
Pennariay Goldf., [Globiceps ]; Stauridiumy Duj., [Cladonema]; HalocordyUy 
Alim., [Halocordyle] ; Vorticlavay Alder [?]; HeterostepKanuSy Alim., [Hetero- 
siephanus ]; Acharadriay S. Wright [?]; Tiarella [Tiarella} Family 7. 
Clavatellidae. Genus —Clavatellay Hincks, [Eleutheria], Family 8. 
Cladocorynidae. Genus — Cladocoryney Rotch [?} Family 9. Tubu- 
LARiiDAE. Genera —TubularUiy Linn. pars. [S]; Ectopleuray A. Agass., 
[Ectopleura], Family 10. Myriothelidae. Genus —Myriothelay M. Sars 
[S]. Family 11. Hydractiniidae. Genus— Hydractinia, v, Bened, 
Family 12. Podocorynidae. Genera —Podocorynsy M. Sars, pars., [Cytaeis 
+ Cuhogaster + Dijsfniorphosa 4- Lizzia (pars.)]; Corynopsisy Alim., [Corynop- 
Family 13. Corymorphidab. Genera—Coryraoiyha, M. Sars, pars., 
[Steenstrupia 4- Hyhocodon » Amphicodon Diplura + Amalthaea ]; Hala- 
traetus, Alim., [EuphysaJ Family 14. Monocaulidae. Genus— Mono- 
caulus, Alim. [S]. Family 15. Hydrolaridae. Genus— Lar, Gosse, 
[PYillsiay vulgo IVillia']. Family 16. Monodrachiidae. Genus— Mono- 
braehiumy Merej. [f\. [Family Spongicolidab. Genera— {Spongicola^ 
F. R Schulze, «Stephanoscyphusy Alim., is pro1>ably a Scyphistoma).] 
Family 17. Hydridae. Genus— Hydra, Linn. [S]. Family 18. Myrionb- 
MIDAE. Genus— Myrtonema, Pictet Family 19. Ceratelladae. Genera 
—Ceratellay Gray [S]; DehiteHa, Gray [S]. Incertae bedis— Protoiiydro, 
Qreef; Microhydra, Potta; Haleremitay Schaudinn; Acaulis, Stimps. 

Order 2. Leptomedusae-BPRlyptohlastea. (For definition, see p. 22.) 

(a). Medusoid Scheme. 

Family 1. Thaumantiidae. Genera—* Iktranema, Hkl ; Dmonma ^ 
Hkl; OcUmema, HkL; Tkaumantias, Each., [Campanularia, etc.] has 
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exploded into nuiueroiis genera; SiauTOii(ma,y Hkl.; Laodice^ Lees., 
[Lafoea ]; Melicertellaj HkL; Melicertissa^ HkL; Melicertum, A. Agass. 
\Mdiceriwm\\ Melicertidium^ Hkl.; Orchistoma^ Hkl.; Halmonmes^ v. 
Kenn. Family 2. Cannotidae. Genera— StaurodisetLs^ Hkl.; G(ynyneniay A. 
Agass.; Ptychogenay A. Agasa ; Staurophoray Brandt; Polyorchisy A. Agass.; 
Cannotay Hkl; Dyacannotay Hkl.; Bereiiicey P^r. et Lesueur; I)vpUu,ro8(nnay 
Boeck, ss Ametrangiay Allni.; Dicranocrannay Hkl.; ToxorchtSy HkL ; 
IVillettay Hkl.; WilUia (vulgo Williay formerly classed here, but an Antlio* 
luedusan), Forl)es; ProhoaddactyUiy Brandt; Cladocannay Hkl. Family 3. 
Eucopidae. Genera —Eucopiurtiy Hkl., \Clytia \; Saphenellay Hkl.; Eucopey 
Gegenb., [? Campanularia + ? Clytia \; ObeltUy Per. Lesueur, [Obelia ']; 
TiaropsiSy L. Agass.; Euchilotay M^Crady, == lliamiantiaa (pars), = Laodice 
(pars); Phialurriy HkL ; Phialisy Hkl.; Mitrocortiiurriy Hkl.; EpenthenSy 
M‘Crady, [Clytia ]; Mitrocomellay HkL ; Phialidiuniy Leuck., = Tliaumantias 
(pars.), [Campanulina ]; Mitrocomay HkL; Eutimiumy HkL; Eutimay 
M*Crady; Sapheniay £sch.; EutimeUiy HkL; EutimalpheSy HkL; Odor- 
chidiuniy HkL ; Octorchisy HkL ; Octorchandray Hkl.; Ireniumy HkL ; Jmie, 
Each.; Each., [Ttma]. Family 4. Abquoridae. Genera— Octo- 

cannay Hkl.; Zygocannay HkL; Zygocannotay HkL ; ZygocannuUiy HkL ; 
Halopsisy A. Agass.; A^^tior^a, P4r. Lea ; Rhe^atodeSy A, Agasa ; Stomo- 
brachiuniy Brandt; Staurobrachiuniy HkL ; Mesonemay ]^h., sr Zygodactylay 
Brandt, [Zygodactyta] ; Polycannay Hkl., [Campanulina]. 

(6). Hydroid Scheme. 

Family L Campanui^riidae. Genera —Campanulariay lAmk., 
[Thaumaniias (pars)] ; Lov^ellay Hincks [?]; Obeliay P<5r. Lea [Obelia ]; 
ThyroecyphuSy Alim. [?]; HypantheUy Alim. [S]; CahjcelUty Hincks [S]; 
Lytoscyphusy Pictet [?]; Gonothyraeay Alim. [S] ; Chjtufy Lamx., [Eucojh: 
(pars), + ; Campanulinay v. Beiiecl., = Lamx., [Phia- 

lidium + Polycanna ]; Opercularellay Hincks [S]; Galamphoray Alim. [S]; 
Hebellay Allnu [?]; Halisipkoniay Alim. [S]; Zygodactylay Brandt, [Zygn- 
dactyla^Meaonema]\ Leptoscyphusy Alim. [?]; Obelariay Hartlaiib [S]. 
Family 2. Perisiphoniidae. Genera —Peridphoniay Alim. [?]; Crypto- 
laria. Busk [?]; Lafoeay Agasa, [Laodice ]; LictorellUy AJIdl [?]; Cuspidelluy 
Hincks [?]; Filellumy Hincks [?]. Family 3. Haleciidab. Genera — 
Haleciumy Oken [S]; Diplocyathusy Alim. [?]; OphiodeSy Hincks [S]; 
Hydrella — [S]; Haloikemay Bourne [?]. Family 4. Sertularudae 
(gonophores sessile throughout). Genera — Sertularia, Linn, para ; 
Diphanay L Agasa; Thuiariay Flem. ; DemoscyphWy Alim. ; Sertularelluy 
Gray; Hydralhfianiay Hincks; Hypopyxisy Alim.; Staurotheeay Alim.; 
Dictyocladitmy Alim. Family 6. Aolaophemiidae (gonophores probably 
sessile throughout). Genera — Aglaopkenia, Lamouroux ; Aeanthoeladium, 
Alim. ; LytocarpuBy Kirchenp. ; Streptocaulusy Alim. ; Diplocheilugy Alim. ; 
Cladocarpuiy AUm. Family 6. Haucornariidab (gonophores probably 
sessile throughout). Genera-^Haltcornana, Busk, pars.; Auygoplmy AUm. 
Family 7. Idiidae. Genus —Idiuy Lamouroux [S]. Family 8. Gram> 
MARiinAE. Genus—O^mmario, Stimp6.,»(9) Sdlacia, Lamouroux [?]. 
Family 9. Syrthboidae. Genera— AUm. [J] • Tkicoeladiwniy 
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Alim. [?]. Family 10. Plumulariidae (gonopliores probably sessile 
throughout). Genera — Plumulariay Lamk. paie.; Antennularia^ 
Lamk.; Acanthella, Alim.; Schizoincha^ Alim.; Sciurella^ Alim.; 
Polyplumaria^ O. 0. Sam ; Heteroplonj Alim.; Nemertesia, Family 11. 
Calicakpidae. Genera —Calicnrpa [?]; Hippurella^ Alim. [?]. Family 12. 
Hydbocbratinidae. Genus— Glathrozoon^ Spencer [?]. Incertae sedis 
— Trichydra, S. Wright [?]; Coppinia, Hassall [?]. 

Order 3. Trachomedusae. (For definition, see p. 30.) 

Family 1. Petasidae. Genera — Petasus, Hkl. ; Lipetasusy Hkl.; 
PetasatUy Hkl. ; Petachnuiriy HkL ; Aglauropsisy F. MUlL; Gossea, L. Agass. ; 
Olindiasy F. Miill. Family 2. Trachynemidae. Genera —Trachynemay 
Gegcnb. ; Marmaneniay HkL ; Rhopalonenuiy Gegenb.; PectylliSy Hkl. ; 
PectiSy Hkl. ; Pectanthisy HkL ; Homoeonemay Maas.; (?) Pantachogony Maas. 
Family 3. Agladridae. Genera— Aglanthay HkL; Aglautay P^r. Les. ; 
Agliscray Hkl.; Stauraglauray HkL ; Per say M‘Crady. Family 4. Gery- 
ONIDAE. Genera —Lirianthay Hkl., = Liriopty Less.; Glossoconusy Hkl.; 
Glossocodofiy HkL ; GeryoneSy Hkl. ; Geryoniay P4r. Les. ; GarmariSy Hkl. ; 
Carmarinay Hkl. 

Order 4. Narcomedusae. (For definition, see p. 33.) 

Family 1. Cunanthidae. Genera — GunanthayRkL; GunarchayRkL; 
Gunoctanthay HkL ; Gunoctonay HkL ; Cuninay Esch. ; Gunissay Hkl. 
Family 2. Peganthidae. Genera —Polycolpay Hkl. ; Polyxeniay Esch. ; 
y^Pegasiay P4r. Les. ; Peganthay Hkl. Family 3. Aeginidae. Genera — 
Aeginay Esch. ; AeginelUiy HkL ; Aeginetay Gegenb. ; Aeginopsisy Brandt ; 
Aeginuray HkL ; Aeginodiscusy HkL ; Aeginodomsy HkL ; AeginorhoduSy 
HkL Family 4. Solmaridae. Genera —Solmissusy HkL ; Solmundusy 
Hkl. ; Solmundellay Hkl. ; 'Solmonetay HkL ; Solmarisy Hkl. 


Order 5. Hydrocorallinae. (For definiUon, see p. 35.) 

Family 1. Milleporidae. Genus — Milleporay Linn. Family 2. 
Stylastbridae. Genera— Sporadoporay Moseley; Pliohothrusy Pourtal.; 
Errinay Gray; Distichoporay Lamk.; Labiaporay Moseley; Spiniporay 
Moseley; Allaporay Ehrenb.; Stylastevy Gray ; Stmoheliay S. Kent; 
Conoporay Moseley; Cryptoheliay M. K and H.; Astylusy Moseley. 

Order 6. Siphonophora. (For definition, see p. 38.) 
Sub-Order 1. Disconegtab. 

Definition. —Siphonophora with an apical chambered pneumatophore, 
without nectophores or bracta The individuals are confined to the lower 
surface of the pneumatophore, and are a single central gastrozooid, 
surrounded by concentric girdles of blastostyles and dactylozooids. 

FamUiT 1. DzaCALlDAB. Genera — Discaliay HkL ; Duconalioy HkL 
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Family 2. Porpitidab. Genera— Porpalia^ HkL; PorpevMy Hkl; Por- 
pitellay Hkl.; Porpita, Lanik. Family 3. Vblellidae. Genera— Eataria^ 
Each.; VelelUiy Lamk.; Armmistay HkL 

Sub-Order 2. Calyconkctae. 

Definition ,—Siphonopliora without pneumatophore, with one or more 
nectophores. The coenosarc is elongated and tubular, and (.arries the 
cormidia which may become freed as Eudoxoines or Ersaeoim*s (-= Moiio- 
gastricae). 

Family 4. Monophyidae. Genera ^—Monophyesy ClaiLs ; Splnu ronecte»y 
Huxl.; CymhonecteBy Hkl.; Muggiaea^ Busch ; Cymhiiy Esch.; Doramasia, 
Chun ; Halopyramisy Chun. Family 5. Diphyidae. (irenera— Praya, 
Blainv.; Lilyopsis, Chun ; Galeolariay Lesueur; DiphyeSj Ciiv.; Mitro- 
phyeSj HkL ; Diphyopsis, Hkl.; Abyla, Qiioy Gaim.; Bassiuy (iiioy Gaiiii.; 
Calpe, Quoy Gaim.; Amphicaryon. Family 6. Stephanophyidae. Genu.*; 
Stephanophyes, Chun. Family 7. Desmophyidae. Genera — Desmalui^ 
WlL \ Desmophyesy Hkl. Family 8. Polyphvidae. Genera— Hippopodiu», 
Quoy Gaim.; PolyphyeSy Hkl.; Vogtiay Kbll. 

[Family Eudoxidae (includes free Eudoxoines of other gemna, the 
names of which are included in square brackets). Genera— IHplojihysa^ 
Gegenb., \Sphaeronectes \; Eudoxellay Hkl., [Praya] ; CucuhaluSy Quoy Gaim., 
[Muggiaea]; CtLculluSy Quoy Gaim., [Diphyes]; CuhoideSy Quoy Gaim., 
[Cymha] ; Amphirrhoay Blainv., [Abyla] ; Sphenoides, Huxl., [Pama]; 
Aglaisma, Each., [Ca^pe]. Family Ersaeidae (includes free Ei’saeomes oi 
other genera, the names of which are included in square brackets). 
Genera —Ersaeay Escli., [Diphyopsis ]; Lilaeay Hkl., [Lilyopm].'] 

Sub-Order 3. Physonectae. 

Definition .—Siphonophora with an apical pneumatophore, followed 
by one or more coronae of nectophores or bracts, without aurophore. 
The coenosarc is elongated and tubular, and carries the cormidia. 

Family 9. Circaliidae. Genus — Circaliay HkL Family 10. 
Athoriidab. Genera — Athoriay Hkl; Athoraliay HkL Family 11. 
Apolemiidae. Genera — Dicymbay Hkl ; Apolemiay Esch. ; Apolttnoptiiy 
Brandt Family 12. Aoalmidae. Genera — Stephanomiay P4r. Lea; 
Crystallodesy HkL; PhyllophyBay L Agass.; Agalnuiy Each.; AnthemodUy 
HkL ; Cuneolariay Eysenh.; Halutemmay HuxL ; Cupulitay Quoy Gaim.; 
Agahnopnsy M. Sara; Lychnagalmay Hkl. Family 13. Forskalidax. 
Genera —Strobaliay HkL ; For$kdle<»y KolL; ForMXiopiiBy HkL ; Bathy- 
phyoay Studer. Family 14. Negtalidae. Genera —Necialiay HkL; 
SphyrophyMy L . Agass. Family 15. Discolabidax. Genera — Physophoray 
Forsk. ; Diocoldboy Esch. ; St^hanotpiray Gegenb. Family 16. Aittbophy- 
8IDAX. Genera— Bhodophy$ay BlAinv.; MeUphyoayKkL; AthofybiayEmsL; 
AiUhophyidy Mertena 

a 

Sub-Ordxr 4. Auronectax. 

DefinUwn .—Siphonophora with an apical pneumatophore, followed 
by coronae of nectophores, and carrying an aurophore. Individuals eon- 
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fined to the lower surface of the colony, including numerous gastro* 
zooids. 

Family 17. Stephalidae. Genera— Stqihalia, HkL; Stephonalia^ 
Hkl. Family 18. Rhodaliidae. Genera— Auralia, Hkl.; Rhodalia^ 
Hkl.; Angelopsisj Fewkes. 

Sub-Order 5. Cystonectae. 

Definition. —Siphonophora with an apical hollow pneumatophore, 
without nectophorea or bracta. Gastrozooids generally numerous, 
arranged eitlier on the lower side of the pneumatophore, or on a long 
tubular coenosarc. 

Family 19. Cystaliidae. Genus— Cystalia^ HkL Family 20. Rhizo- 
PHYSIDAE. Genera— Aurophysa^ Hkl. ; Cannophysa^ Hkl. ; LinophysOy 
Hkl.; Nectophysay Hkl.; Pneumophystiy HkL ; Rkuophystty Pdr. Les. ; 
Pterophysa, Studer; Pleurophysay Fewkes. Family 21. Salaciidae. 
Genus— Salacia, Hkl. Family 22. Epibulidae. Genera —Epihuliay Esch.; 
Angekxy Less. Family 23. Physaliidae. Genera — Alophota, Brandt; 
Arethusay Hkl. ; Physaliay Laink. ; Caravelluy HkL 


Incertae sedis. 

(Hydromedusae which are not referable to any known order of the 
group.) 

Limnocodiumy Alim.; Limnocniday Giinth.; Protohydray Greef; 
MicrohtjdrUy Potts ; Tetraplatia, Busch. 


Liteuature of Hydromedusae. 

As far as possible only one paper on each special subject has been cited, in 
which the student will find references to the earlier literature. 

The general subject;— 

1. Allman. Monograph of the Gymnoblastic or Tiibularian Hydroids, 1871-72. 

2. Allman, Chall. Rep. Zool. vii. (Hydroidea, i>t. i.); xxiii. (Hydroidea, 

pt. ii.). 

3. Chun. Bronn’s Klassen und Ordnungen des Thicrreiclis. Coelenterata, 

1889 (in progress). 

4. Haeckel, System der Medusen, 1879-80. 

5. Haeckel. Chall. Rep. Zool. iv., Deep Sea Medusae, 1882. 

6. Heriwig. Organismus der Medusen. Denkschr. Gesell. Jena, ii. 1878. 

7. Hineke. British Hydroid Zoophytes, 1868. 

8. Jackson, Forms of Animal Life, pp. 745-780, 1888. 

9. Lankester. Encyclopaedia Britaiinica, ed. ix., article **Hydrozoa,'* 1881. 

10. lYeismann. Enstehung der Sexualzellen bei den Hydromedusen, 1883. 

Embryology 

11. Balfour. Treatise on Comparative Embryology, 1880-81. 

12. Korschelt and Hedder. Text-book of the Embryology of Invertebrates. Eng. 

trans., 1895-99. 

13. Metsehnikoff, Embryologische Studien an Medusen, 1886. 

i8 
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Special subjects:— 

14. (Life History of Hydromedusae.) Mem. Bost. 
Soc. N. H. iii., 1886. 

15. Btatm, (TJeber d. Knospung bei mehrsohichtige 

Thieren.) Biol. Centr. xiv., 1894. 

16. Seeliger, (Verhalten d. Keimbliitter b. d. Knospung d. 

Ck^leuteraten.) Zeit. wiss. Zooi. Iviii., 1894. 

17. Jiekelu (Der Ban der Hydroidpolypen» 1.) Morpb. 

Jabrb. viii., 1882. 

18. Von Lendenfeld. (Ueber Coelenteraten der Siidsee, I.) 

Zeit. wiss. Zool. xxxvii., 1882. 

19. Hertwigt 0, and Jt, Nervensystem imd Sinnesorgane 

der Meduseii, 1878. 

20. Binier, Die Mjodusen . . . auf ihr Nervensystem 

untersucht, 1878. 

21. Brooks. (The Sense Clubs or Cordyli of Laodice.) 

Journ. Morph, x., 1895. 

22. Drieseh. (Tectonisohe Studien an Hydroid-polypen.) 

Jen. Zeitschr. xxiv-v., 1889*91. 

23. Nutting. (Notes on the Reproduction of Plumularian 

Hydroids.) Amer. Nat. xxix., 1895. 


I Gemmation of 
hydroid. 


^Histology. 


Nervous system 
fand sense-organs. 


Architecture of 
colony. 


Special groups and genera:— 

24. Ryder. (Development and Structure of Microhydra \ , , 

RyUm.) Amcr. Natur., 1885. | Microhydra. 

24rt. Grerf, (Eine Marine Stammform dcr Coelenteraten. 

Zeit. wiss. Zool. xx., 1870. / ^ * 

25. Hardy. (Histology and Development of Myriothcla.) \ 

Quart. Journ. Micr. Sci. xxxii., 1891. ^ 

26. Collcutt. (Structure of Hydractiniaechinata.) .Quart. . . 

Journ. Micr. Sci. xl,, 1897. / Hydractima. 

27. Spencer. (Structure of Ceratella fusca.) Trans. R. „ 

Soc. Victoria, 1891. | Ceratella. 

28. Haeckel, Deep Sea Keratosa. Chall. Rep. Zool. xxxii. Spongicolidae. 

29. iVagner. (Organisation des Monobrachium Parasiti-1 

cum.) Zool. Auz. xii., 1889. J 

30. Ussow. (Eine neuo Form von Stisswasser-Coclentcvutcn.) \ , 

Morph. Jahrb. xii. ,1887. / Polypodium. 

31. Jickeli. (Der Ban der Hydroid-polypen, II.) Morph.' 

Jahrb. viii., 1882. 

32. Spencer, (A New Family of Hydroidca.) Tr R. Soc. I d^^throzoon 

Victoria, 1890. j 

33. Von Lendenfeld. (Ueber Coelenteraten der Siidsee, III.) \ 

Zeit. wiss. Zool., xxxviii., 1883. J-Nematophores. 

34. Langt Am. (Gastroblasta Ralfaeli.) Jen. Zeitsch.' 

xix., 1886. 

35. Brooks. (The Life History of Epenthesis M*Cradyi.) | 

Stud. Biol. Lab. Johns Hopkins Univ. iv., 1888. 


r Monobrachium. 


f Anisicola. 


36. SarSf M, Beskriv. og Jagttag., 1835. 


Eueope in fissiotf. 


Thaumantias 

budding. 
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37. Mo$cley, (Corals.) Cliall. Rep. Zool. ii. 1881. 

38. Hick$(nu (Development of Distichopora violacca.) V Hydrocorallinac. 

Quart* Journ. Micr. Sci, xxxv., 1893. J 

39. HaeckeU (Siphonophora). Chall. Rep. Zool. xxviii., 1888. \ 

40. Chun. (Die Canarischen Siplionoplioren, I., II.) Abh. I 

senck. Ges. v., 1891-92. I 

41. Chun. (Bail u. morph. Auffassung d. Siphonophoren.) ^ Siphonophora. 

Verh. deutsch. zool. Oes.^ 1897. I 

42. Schneider. (Mitth. ii. Siphonophoren.) Zool. Jahrb. j 

(Anat. Ontog.), ix., 1896. ' 

43. Feiokes. (On Angelopsis.) Ann. Mag. N. H. (6), iv.,\ . . 

1889. ^ Auronectae. 

44. Afaas. (Ban. u. Entwickl. d. Cunineiiknospen.) Zool. \ i ina buds 

Jahrb. (Anat. Out.), v., 1892. / ^ 

45. Gunther. (Minute Anatomy of Lininocodium.) Quart.! nrodium 

Journ. Micr. Sci. xxxv., 1894. j-L.imnocoa . 

46. Gunther . (Anatomy of Limnocnida ) I Limnocnida 

Quart. Journ. Micr. Sci. xxxvi., 1894. i 


rCunina-buds. 


47. Vitjuier. (Animaux inf. dc la Baie d’Alger, . i 

Arch. zool. exp. gen. (2), viii., 1890. j P 

48. Holm. (Gotland’s Graptolitcr.) Bih. Svenska Ak.'v 

Handl. xvi., 1890. V Graptolitidae. 

49. Winmn. Bull. geol. Inst. Upsala, 1893. J 




CHAPTER V. 

THE SCYPHOMEDUSAE.^ 


CLASS SCYPHOMEDUSAE. 


Order 1. Stauromedusae. 

„ 2. Peromedusae. 

„ 3. Cubomedusae. 

„ 4. Discomedusae. 

Snb-Order I. Cannostomae. 
„ 2. Semostomae. 

,, 3. Rhizostomae. 


Definition. —Coelenterata which typically present two main 
forms of individuals—the non-sexual scyphistoma (hydroid) and 
the sexual medusoid ; in this case the life- 
history presents an alternation of generations 
in which the scyphistoma produces the medu¬ 
soid by transverse strobilation, and the sexual 
cells of the medusoid develop into a scyphi¬ 
stoma. In other cases the medusoid may 
develop directly from the sexual cells. Gastric 
ridges (taeniolae or mesenteries) occur in both 
scyphistoma and medusoid, gastric filaments 
(phacellae) in the medusoid. The sexual cells 
lie typically in interradii, and are developed 
from endoderm. The medusoids are devoid of 
a velum; a velarium is sometimes present; the 
sense organs are tentaculocysts and cordyli. 

In the Scyphomedusae, as in the Hydro¬ 
medusae, but by a different path, the seg¬ 
mentation of the fertilised ovum produces a 
larva of the diblastula type (cf. p. 2), the eudo- 
derm of which is formed by invagination, and not by delamination 
from the ectoderm. From this diblastula may grow either of two 
forms of individual—the hydroid or the medusoid. 

^ By Q. Herbwt Fowler, B.A., Pb.D. 



Fio. 1. 

LoDgitu4in»l s«ction of 
a diblastula (gastrula), 
formed by Invagination of a 
simple blastula at one pole, 
a, oriflce of invagination 
(blastopore); b, coeleii- 
teron; e, endoderm; d, 
ectoderm. (After Oegen- 
baur, from I*nkeater.) 
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The Scyphomedusan hydroid or scyphistoim (Fig. 6) is, com¬ 
paratively speaking, insignificant in size and monotonous in 
structure; it is known only among Ephyroniae (Discomedusae), and 
will be described under that group. 

The TMclusoid (Figs. 4, 8) is, roughly speaking, of the same 
type as that of the Hydromedusae—manubrium, tentacles, ex- 
umbral and subumbral surfaces are of the same general character; 
but the velum is absent, its place being sometimes taken by the 
velariim; the latter may be either the inflected edge of the bell 
(Aurelia), or a definite subumbral outgrowth containing coelenteric 
canals (Charybdaea), but in neither case agrees with the Hydro- 
medusan velum in position or in structure. The gastric cavity 
exhibits four pouches, from which or from between w'hich lead the 
radial canals; the latter are separated by an endoderm lamella in 
the essentially medusoid forms. 

In the more scyphistomoid forms (Fig. 2 strong plates or 
pillars of mesogloea run from body wall to stomodaeum, forming 
the taeniolae or mesenteries^ into which ectodermal pits {subumbral 
funnels, subgenital pits) of varying depth penetrate from the oral 
surface. The mesenteries do not appear in all cases to be formed 
by endodermal concrescence. 

The canals are often numerous; they frequently branch, and 
sometimes anastomose; they open into a circular canal at the edge 
of the boll. Gastric filaments {pliacellae), interradially placed, 
are characteristic of this group of organisms. The generative 
organs are interradial or adradial in j)Osition, and are derived from 
etidoderm cells. 


Order 1. Stauromedusae. 

Definition. —Scyphomedusae which are devoid of tentaculo- 
cysts, but in some cases have in their place marginal anchors. The 
tentacles are perradial and interradial in position. The body is 
more scyphistomoid than medusoid, exhibiting a stomodaeum 
suspended by four mesenteries, between which lie the four broad 
perradial pouches. There is no alternation of generations. 

The Stauromedusae (Figs. 2, 3) are hypogenetic; the single 
form of individual presents features intermediate between those 
of hydroid (scyphistomoid) and medusoid forms. It is either 
purely free-swimming (Tessera), or has the power of temporary 
fixation (Haliclystus) by the aboral pole. 

The organism is goblet-shaped, with a narrow stem which ends 
conically (Tessera), or in a disc (Haliclystus) which can be used 
for adherence to a solid object. The manubrium is well developed, 
but no velum is present. The edge of the bell is either (1) simple, 
and provided with four perradial and four interradial ieniades 
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(Tessera), to which eight adradial (Tesserantha) or even more may 
be added; or else (2) is divided by incisions into eight hollow 
adradial lappets; on each lappet is seated a bunch of capitate 
tentacles, and between the lappets lie perradial and interradial 
marginal anchors or colletocystophores (Haliclystus, Fig. 3), which 
are, however, absent in some genera (Lucernaria). The marginal 
anchors are modified and shortened tentacles, at the base of each 


p 



Viu. 

Diagrams illtistrating the structure of Lucernaria. 1, longitudinal section; the risht 
half poMses along an adradius, Just missing a mesentery, which is shown la thin outflae 
and carries gastric filaments ana generative organs ; the left half iNwses along an iutenadlus 
and shows tue course of a subiuubral pit deep into the substance of the mesentery. 2, transverse 
section; the right half at the level of the stoiiiodaeum, the left half a little mlow that level, 
and through the tipper Mrt of the subunibral pits. 3, transverse section; the right half through 
the lower part of the suoumbral pits, the left lialf through the base of the aniiniu where the four 
mesenteries fuse, centrally dividing the coeleuteron into four pouches. In all three figures eeto- 
derm is strongly hatchea, endoderm lightly liatched, mesogioea black. C, coeleuteron; CCt 
circular canal; (?, genital organ; OF. gastric filament; J, intorradius; LAT, ectodermal lon|rf- 
tttdinal muscle band, continued abormlly into the mesogioea; Jlf, meeeiitery; P, perradiue 
subumbral pit; ST, stomodaeum. 


lies a pad of nematocysts and adhesive cells. No organs of 
special sense are developed in this group. 

The mouth, which is often frilled, leads into a tube, which is 
probably a stonwdaevm, or invagination of ectoderm. At the bottom 
of the stomodaeum lies the gastric eavUy^ which is imperfectly 
divided into four perradial chawbers^ homologous with the perradial 
canals of Hydromedusae, by four interradial mcscrderies or partitions 
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(taeniolae); these are projections of mesogloea and endoderm from 
the exumbral body wall towards the centre of the cavity. The 
ooelenteron, thus divided, extends into the adradial lappets of the 
edge of the bell. In most forms the mesenteries, which have 
a free edge in the more central parts of the organism, become 
attached to the subumbral wall in the oral region, and are also 
continued into the lappets; they are, however, prevented from 
reaching the extreme lip of the bell by a circular canal. In other 
forms (Tessera) the mesenteries project but little from theexumbrellar 
wall and have only a very short attachment to the subumbrella; 
the circular sinus is therefore very large. In many forms a pouch 
of the ectoderm of the subumbrella, the interradial or subumbral 
funiiely penetrates far into each mesentery. 

From the mesenteries grow the gastric filaments (phacellae); of 
these there are four only, interradially placed (Tessera); or they 
may be present in considerable numbers along both sides of each 
mesentery (Haliclystus). In some cases the four mesenteries fuse 
aborally in the centre of the gastric cavity. 

A well-developed circular muscle runs round the edge of the bell in 
all forms. Of the longitudinal muscles^ the most marked are the eight 
perradial and interradial bands, of which the latter lie immediately 
under the ectoderm of the subumbral funnels, and are continued 
deep into the substance of the mesogloea of the mesentery aborally. 

The sexes are separate. The generative organs are interradial, 
and are horseshoe-shaped (Tessera), or are split by growth of the 
mesenteries into bands at their sides (Haliclystus). 

Little is known of the reproduction of this group. The blastula 
is apparently converted into the diblastula by a process intermediate 
between delamination and true invagination. 


Order 2. Peromedusae. 

Definition. —Scyphomedusae with four interradial tentaculo- 
cysts; the tentacles are perradial and adradial in position. Four 
mesenteries suspend the stomodaeum, and being attached to the 
body wall at two points only, divide the peripheral coelenteron 
into two large circular sinuses (confluent radial pouches). There is 
no alternation of generations. 

The Peromedusae (Fig. 4) are medusiform, and bear a strong 
resemblance to the Tesseridae among Stauromedusae. The bell is 
conical and carries a well-developed manubrium ; no velum is present, 
but a slight projection of the circular muscle subumbrally constitutes 
the DsIaniiiTi. The edge of the bell has a complicated structure; it 
generally exhibits either four perradial tentacles, four tentaculo- 
oysts on interradial lappets or pedalia^ and eight adradial lappets 
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or pedalia (Pericolpa); or four interradial tentaculocysts, four 
perradial and eight adradial tentacles on pedalia, and sixteen 
subradial pedalia (Periphylla). The tentacles are long and hollow; 
the tentaeilocysts are short, and present on the oral face a crescentic 
pad of pigmented sense cells, a median ocellus, and a stalked sense 
club with otoliths; on the aboral face lies a pair of ocelli. 

The mouth leads into a long tube, probably a stomodaeum^ which 
opens below into the gastric cavity. The latter is, as in Stauro- 
medusae, imperfectly divided into four perradial chambers by four 
interradial mesenteries^ which are invaded by four interradial funnels 
of the subumbrella. The mesenteries are attached to the ex- 


umbral body wall only in the most aboral quarter of the bell, 
and again at a point just below the union of stomodaeum and 
gastric cavity; there are thus left two large circular sinuses, one 
round the subumbral funnels, the other round the edge of the bell. 


In the pedalia at the edge of 
the bell the circular sinus is 



S.-^HaliclyatuB, temimrarily attached 
to a piece of weed, sliowing eight bunclu-s 
of capitate tentacles and eight colleto- 
cystophores. 

A.-^PcriphyUa mirabilix (after Haeckel). 
The division of the exutiibml surface into 
pedalia is well shown. «, teiitaculocy.st 
(interradial); h, subradi.'il pedalia; four 
perradial and eight adradial tentacles are 
present. 



Flu. 4. 


further subdivided into eight, sixteen, or more pouches by fusion 
of exumbral and subumbral walls. The 2 diac€llae are developed 
at the sides of the mesenteries; the gemrative organs form eight 
horseshoe-shaped glands, placed adradially. 

Nothing is known of the development of this group. 


Order 3. Oubomedusae. 

DimNiTiON. —Scyphomedusae with four perradial tentaoulo- 
cysts; the tentacles are interradial in position. Four laminar 
mesenteries divide the peripheral coelenteron into four broad per¬ 
radial pouches. There is no alternation of generations. 
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The Cubomediisae (Fig. 5) are medusiform only. The 
umbrella is square in section and rounded above ; a broad velarium, 
contiining endodermal canals and suspended by four perradial 
frenulae, or thickenings of the subumbrella, is present in many forms 
(Charybdaea), but is sometimes absent (Procharagma) or slightly 
developed (Procharybdis). The manubrium is four-square, its 



angles lying perradially. Four inter- 
radial tentacles, long, hollow, and cylin¬ 
drical, are always present; they are 
generally seated on lappets {pedalia\ 
which in some cases carry numerous 
additional tentacles (Chirodropiis). 



2 . 


FiO. 5. 

CharifMncn mnrntpinlU (after ClanaX 1. Tlie 
four anmilated tentacles are seen dep«*nilittg 
from the four lapi>et8 placed at the four conujra 
of tlie ouatlrangular umbrella. Tliese are inter- 
radial. Two of the four i>erradial gastric poiiches, 
representing radial canals, are seen of a laile tint. 
/■';/« gastral tilanieiits (interradial); li^ the moditied 
perradial tentacles forming tentaculocysts; cor¬ 
ner ridge facing the obserA'er and dividing ad,jacent 
]Mmche.s of tlie umbrella; f»F, jxisition of one of the 
genitid iMinds. 2. View of the margin of the um¬ 
brella of Choryhinen viaraupialiit (xmtwnil size, after 
Claus). At the four comers are seen the Inputs 
wliicli support the long tentacles, and in the middle 
of each of the four sides is seen a tentactilocyst; 


Vd, the vascular velarium, with its branclied 
1. vessels. 


The nervous system is well developed, consisting of a sub- 
umbrellar nerve ring, and of four larger perradial and four smaller 
interradial ganglia, from which nerves pass to the sense organs, 
muscles, and tentacles. The sense organs are ientaculocgsts, they 
are always four in number and perradial in position, and lie in 
sense pits on the exumbrella. In Charybdaea each consists of a 
short stalk, the head of which carries a terminal otocyst with 
numerous crystalline otoliths, two median and two pairs of lateral 
ocelli. 
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The tube of the manubrium leads into a short gastric caviiy; 
from this four broad shallow perradial canals or pouches, separated 
by narrow interradial mesenteries^ lead to the circular canal at the 
edge of the bell. This canal is further subdivided by fusion of its 
exumbral and subumbral walls into pouches, eight (Charybdaea) 
or sixteen (Chirodropus) in number; from these lead the canals 
of the tentacles and velarium. The mesenteries are traversed 
by an endoderm lamella, and carry interradial phacellae at their 

Fio. 5a. 

1. HorIzontAl section through the umbrella and 
manubrium of CkaryMata fuarsvpintis (moditied 
from Claus); Ma, manubrium; SR, side ridge <l)er. 
radial); CR, comer ridges, sepamted by CG, the 
iiiterr^ial comer groove; the genital lamellae 
ill section, projecting fh>m the interradial angles on 
eiich side into UE, the radial canals of the umbrella; 
.s7/, the subumbral since. 2. Vertical sections of 
Charj/Maen inarsupiali», to the left in the plane of an 
interrad iuH, to the right in the plane of a perradius; 
Ma, manubrium ; EAx, gastric cavity; Gh, gastral tlla* 
ments (phtudlae) ; CG, corner groove; SR, side ridge; 
EnL, endoderm lamella (Hue of concrescence of the 
walls of the enteric cavity of the umbrella, whereby its 
single chamber is broken up into four jiouches); Ge, 
line of attachment of a genital band; KU, circular 
canal, giving origin to TCa, the tentacular canal; Ve, 
velarium; Fr, frenum of the velum; Tc, tentoculocyst. 
(From Lankester.) 




2 . 


aboral ends. In a few cases eight adradial arms carrying 
digitate filaments grow out from the exumbral body wall, 
and hang free in the radial canals (Chirodropus). As in Hali- 
clystus, the generative organs grow out from the sides of the iir- 
terradial mesenteries, and form leaf^shaped projections into the* 
radial canals. 

Practically nothing is known of the development of this 
groap. 
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Order 4. Discomedusae. 

Definition. —Scyphomedusae with four perradial and four 
interradial (sometimes more) tentaculocysts. The radial canals 
are either broad pouches or fine canals, and are often very 



Fuj. li. 

Later development of Chrysaora and Aurelia (after Claus). A, gcyphislouia of Clir>'saora, 
with four perradial tentacles and homy basal {^risarc. oral surface of later stage of 
aeyphistoma of Aurelia, with comiiiencemeiitof four interradial tentacles. The quadrangular 
mouth is seen in the centre; the outline of the stomach wall, seen by transparency around it, 
is nipped in four places interradially to fortii the four gastric ridges. C, oral surface of a sixteen* 
tentacled scyphistonia of Aurelia. The four gastric interradlRl ridges are seen through the 
month. D, first constriction of the Aurelia scyphistoma to form the pile of ephyrae or young 
medusae (see Fig. 7). llie single ephyra carries the sixteen scyphistoma tentacles, which will 
atropliy and disapp^r. Hie four longitudinal gastric ridges are seen by transparency. E, young 
ephyra just liberated, showing the ei^it biflircate arms of the disc and the interradial single 
misiMl filaments. F, ephyra developing into a medusa by the growth of the adradial regions. 
Tlie gastral filaments have Increased to three in each of the four sets. A, margin of the mouth; 
Adi idrtdial radius; F, gastral filament; fa, interradial radius; JG , adradrial gastral canal; 

adradial lobe of the disc; if, lappet of a perradial arm; Af, stomach wall; Afsf, muscle 
of the mesentery; Afw, mesentery; jifs, mesoderm; C, tentaculocyst; F, perradial radius; 
interradial radius; i2S, sdnadiai radius *, SG , commencement of circular canal. 


numerous; they are not separated from each other by laminar 
mesenteries, and a well-marked endoderm lamella unites them. 
Development showing alternation of an asexual scyphistomoid 
with a sexual medusoid generation. 

The Discomedusae are probably all a metagenetic hydroid- 
like form alternating with a sexual medusoid generation. In 
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structure the ** hydroid ’’ differs considerably from that of the 
Hydromedusae, and is for distinction termed the Scyphistoma 
(scyphula). 

Structure of the Scyphistoma. —The gastrula, formed by 
invagination from the blastula, having been converted into a closed 
sac by coalescence of the lips of the blastopore, affixes itself to a 
solid object, and a mouth is formed by an ingrowth of ectoderm 
or stonwdaeum^ which perforates to the endodermal coelenteron. 
The appearance of four perradial tentacles is followed by the forma¬ 
tion of four interradial, and these by eight adradial tentacles; all 
sixteen tentacles are solid. In some cases more than sixteen are 


developed. To this fixed tentaculate organism is applied the name 
Scyphistoma (Figs. 6, jB, C, D ; 7). In some cases it secretes 

a perisarc (Chrysaora). 

//^ Internally the organism presents 

[/ [ \ .* considerably greater complexity of 

// N structure than the hydroid type of 

J ( ] j Hydromedusae, being built essenti- 

ally on the same plan as Hnliclystus 
among Stauromedusae. It has 
//{/four interradial mesenteries (taenU 

olae)y which have a free edge pro- 
A vvX (v ^ jecting into the gastric cavity below, 

inJ/rm but are attached in the oral region 

IhJ ^11 stomodaeum and suburabrclla; 

V [/} )i ((\\\ they are invaded for a short distance 

by ectodermal mhimJmil fnntielSy the 
i 1 ^ muscle cells of which run deep into 

/y l\J^ ^ the mesogloea. PharrIJae or gastric 

^ filaments are not developed, but the 

of the mesentery is 

0 probably digestive in function, as in 

Anthomedusae. 

2^ Scyphistoma multiplies (a) 

gemmation from creep- 
* ^ horizontal stolons; (6) by lateral 

^gemmation, the buds, which are 

pushed out horizontally, bending 
Pif{. 7. vertically doAvnwards, becoming 

attached to a solid obiect, and de- 
Htricted baaeofacyiAiaj^; 2. rite of tached from the parent: (c) by 

ientaculoeyat; 8 , adradial tentacle; 4i 4 . » •! a.* ^ ^ \ / J 

marginal guard lappet of future tentaculo- StrODllatlon. • 

Strobilatiom and Growth of 


THX Ephyra. —The process of strobilation is apparently seasonal. 
A aeries of transverse circular furrows constrict the upper or oral 
part of the Seyphistoma (Fig. 7). In the uppermost of the seg- 
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ments thus indicated, eight bifid lobes grow outwards, each lobe 
carrying with it the attachment of either a perradial or interradial 
tentacle. The bases of these tentacles are stated to be converted 
into the tentaculocysts of the adult medusoid, the eight adradial 

11 



Anrclia aurita, from the oral surface. 1, mouth; 2, perradial oral arms; 3, marginal 
tentacles; 4, pernidial branching canal; adradial straight canal; 8, circular canal; 9, ten- 
taculocyst; 11, interradial gastric tllaiiients and generative organs. The subgenital pits are 
not shown in the drawing; the oral arms have Iwen slightly twisted out of their perradial 
poaition. (From Shipley, after Claus.) 


tentacles disappearing altogether. A prolongation of the coelen> 
teron, which will form the axis of the future perradial and inter¬ 
radial canals of the adult, runs out into each lobe. At about this 
stage the entire segment becomes constricted off from the Scyphi* 
stoma, and leads a free-swimming existence as an Ephyra^ the 
larval form of the future medusoid. Of the lower segments of 
the Scyphistoma, some, if not all, may also put out sixteen ten¬ 
tacles, and all become constrict^ off as Ephyrae. The basal 
unconstricted part of the Scyphistoma is stated to become again 
tentaculate, and to remain quiescent till the next season, when the 
process of strobilation is repeated. 

In the Ephyra (Fig. 6, F) the adradial spaces between the 
lobes gradually fill up by centrifugal growth of the disc, and eight 
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adradial canals grow into them. The mesenteries lose their attach¬ 
ment to the body wall and are probably converted into phacellae. 





0.'<-Surfac6 view of the subuinbnil or oral aspect of Aurelia aurita, to show the 
positiou of the openings of the subgeiutal pits, GF. In the centre is the mouth, with four 
penudial anus corresponding to its angles, or. The four snbgenital pits are seen to be inter* 
nulfsl. X, indicates the outline of the roof (aboml limit) of a subgenftal pit; f/, the outline of 
its floor or oral limit, in which is the opening; 3’c, tentaculocyst. (After Lankester.) 

10. —Teutaculocvet of Aurelia aurita from the oral aspect. CC, circular canal; //, the 
abovBl hood; L, the protective lateral lapijets; T, tentacles; 7*, tentaculocyst, caring an 
ocellus, and a terminal mass of otoliths; TC. endoderinal canal of the tentaculocyst; v, the 
** velarium," or thin edge of the bell. The outline of the endodennal canals is dotted. 

11. — Tentaculocyst of Aurelia aurita (longitudinal section). A, superior or aboral 

olikctory pit; B, inferior oradorat olfactory pit; H, bridge between the two marginal lappeto; 
7, tentaculocyst; Bnd, endodenn; Baf, eiioodennal cnnar continued into the tmtaonloeyst; 
Cba, endodennal concretion (auditory); ec, ectodennal pigment (ocellus). Tlie drawing rspre- 
mnts a section, taken in a radial vertical plane so as to pass through tlie loitg axis of we ten* 
taculocyst. (Alter Biuier.) . 


Concrescence of the exumbral and snbumbral endodenn of the 
codenteron into a gastral lamella ultimately gives rise to the com¬ 
plicated system of gastric pouches and canals of the adult* 
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Description of the Medusoid. —The umbrella is generally 
more or less flattened, and frequently exhibits externally a coronary 
furrow which marks off the lappets near the edge of the bell. The 
exumbrella is often variously marked by aggregations of pigment 
cells and nematocysts. Throughout the group are recognisable in 
connection with the edge of the bell, or just above it on the ex- 
umbral surface, at least eight tentaculocysts and sixteen marginal 
lappets, inherited from the Ephyra. 

The tentactUocysts (Figs. 10, 11) rarely exceed eight in number, 
but twelve (Polyclonia) or even sixteen or thirty-two may occur. 
They lie in incisions at the edge of the umbrella between two lappets, 
which are, or are parts of, the guard lappets of the eight-rayed 
Ephyra; they are often protected on the exumbral aspect by the 
development of a guard plate (Nausithoe). Each consists of a 
short stalk, the base of the Ephyra tentacle, with a terminal endo- 
dermal mass of crystalline otoliths, covered externally by ecto¬ 
dermal sense cells with long sense hairs; on the exumbral aspect 
and proximal end of the stalk lies an ectodermal ocellus. Near 
the base of the oral aspect of the stalk lies an ectodermal sense pit, 
and a second sense pit is placed above the whole structure on the 
exumbral surface of the guard plate. 

In addition to the sixteen marginal lappets of the Ephyra, 
which lie at the sides of and protect the tentaculocysts, the filling 
up of the eight adradial spaces between the eight primary Ephyra- 
lobes results in the production of at least eight secondary marginal 
lappets, which by fission and intercalation may be very largely 
increased in number. 

The tentacles vary considerably in the different sub-orders. In 
the Cannostomae they are short and solid; in the Semostomae 
they are long and hollow; they are absent in the Khizostomae. 
They may be eight (Pelagia), twenty-four (Chrysaora), or even 
more numerous (Cyanea). 

The svhumbr^ cavity is generally shallow, and no true velum is 
developed; although the edge of the bell may in a few instances 
form a thin velarium (JLurelia), it bears a different relation to the 
nervous system, and is never inflected inwards. The subumbral 
surface is in most cases perforated by the openings of the four 
SiAgenital pits. These are chambers (Fig. 9) excavated in the 
thickness of the subumbral wall, lined by ectoderm, and lying 
interradially immediately under the generative organs, but not 
communicating with the coelenteron; they correspond to, and are 
perhaps in some cases formed directly from, the subumbral funnels 
of the Scyphistoma. In a few forms all four pits become confluent 
centrally, the four openings persisting (Cannorhiza, Figs. 12, 13). 
The manubrium is well developed, but assumes different forms in the 
different sub-orders; in Cannostomae it is a simple tube, crucial in 
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section, with perradial angles, and in some cases provided with 
short perradial lappets (Palephyra). In the Semostomae these 
lappets are drawn out into long perradial oral arms (Aurelia) with 
a median groove, often guarded by frilled edges (Pelagia); the 
arms may take origin almost directly from the subumbrella, or 
may spring from a fairly long manubrium. Very rarely each arm 
bifurcates once (Aurosa). In both these sub-orders a crucial 



Fio. 12. 

Diagmm of Cannarhiza from the eubumbml aspect, the ann disc with the eight oral arms 
having been removed. (From Haeckel.) 

mouth it placed in the centre of the manubrium between the bases 
of the arms. In the Rhizostomae, a Semostoman stage apparently 
occurs in the development, and is followed by an Incomplete xson- 
crescence of the frilled edges of the bifurcated arms over the 
median groove and the mouth; thus, instead of a central month, 
numerous small suctorial openings, numbering often hundreds, are 
formed along the edges of the arm, which open by short tubes into 






THE SCYPHOMEDUSAE 


73 


htacldal canals^ the grooves of Semostomae (Fig. 13); these 
canals unite into a manubrial cavity, which may either open 
directly into the gastric cavity (Rhizostoma), or, owing to the 
encroachment of the subgenital pits and the diagonal fusion 
across its opening of the four strong pillars which support the 
bases of the arms, may communicate with the gastric cavity only 
by four perradial pi//ar canals (Caiinorhiza, Figs. 12, 13). 

The gastric cavity of the Discomedusae is generally broad and 



Fio. \x 

DiaKniin of a lonKitiuHiialiiOctioii of Csnnorliiza. 

Lettering for both figuren: ah, p<>rm<Iial arm pillar in Fig. 12, adradial arm in Fig. 18; dh, 
maas of tiasiie foriiiod by the concro.sconce of the arm pillars; an, suctorial mouths along the 
**orar' faces of the arms; ap, yierroUial anu pillar; ch, brachial canal, fonned by concrescence 
of its lips over the brachial groove of Semostomae; or, circular canal; erf, arm-pillar canal; 
ci, interradial canal; cji, pernulial canal; (fa, chamber fonned by the union of the brachial 
canals-—the site of the mouth of Semostomae is immediately under the end of the reference line; 
gc, gastric cavity, cut oflf from ga by the encroachment of the four aubgenital pits and their 
union into the aubgenital ymrtiens; gg, gh, ga.stro*genital naeinbrane, composed above of endo- 
derm lining the gastric cavity and fonnlng the generative organs, below of ectodenn lining the 
submnital porticiis, with mesogloea between the two; ir, the subgenital porticus»the centrally 
confluent aubgenital nits, lined by ectoderm; oi, interradial, and otf, perradial. otocysta; 
a, endodemial generative organa on floor of gastric cavity; um, margin of umbrella. (From 
Haeckel.) 

shallow, and exhibits four interradial pouches, separated by the 
four perradial arm pillars, strong ridges of thick mesogloea which 
are continued into and support the arms. From these four 

lO 
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pouches run the radial canals, the arrangement of which falls 
under two main types. In the one type sixteen very broad and 
shallow pouches (perradial, interradial, and adradial) pass to the 
edge of the bell and end blindly (Pelagia); each may bifurcate, 
and may give off short caeca, which never anastomose. In the 
second type narrow canals are formed, primarily to the number of 
sixteen, which may remain simple (Floscula) or branch (Aurelia) 
and anastomose (Leptobrachia); the number of canals may 



a. 6. 

Fi«. misoKomainilvio/ h, Chrytaora hfomUa. (Prom LanketUr.) 

amount to thirty-two or sixty-four. In this second type the 
radial canals open into a circular canal. As in the Hydromedusae, 
the whole system of radial canals and pouches is produced by a 
concrescence of exumbral and subumbral endoderm, traces of which 
generally persist throughout life as an endoderm lamella. 

The phaedlae are of the ^ usual character, and interradially 
placed ; they may be only four in number, but are generally very 
numerous. ^ 

The generative organs Bte typically four in number and inter¬ 
radial in position, and are formed from the subumbral endoderm 
either of the gastric cavity ^ -of the radial pouches. In soma 
Cannostomae the]ri)ecome secondarily divided so as to form eight 
adradial organs (Nausicaa). They are primitively horseshoe-shaped 
thickenings of the endoderm, either convex centrally (Palephyra), 
or concave centrally (Aurelia); they may become fold^ (Pelagia), 
or thrown into lappets (Chrysaora), and may either be evaginated 
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as pouches which project on the subumbral surface into the 
subumbral cavity (Cyanea), or hang freely into the gastric 
cavity or radial pouches (Rhizostoma). The sexes are separate, 
except in Chrysaora; in this genus some individuals are first male, 
then hermaphrodite, and finally female only, the ova being con¬ 
fined to the interradial generative organs, the spermatozoa occur¬ 
ring irregularly at any point in the endoderm; other individuals 
are unisexual throughout life. 


CLASSIFICATION AND LIST OF GINERA OF 
SCYPHOMEDUSAE. 

The chief authority for this classification is Haeckel (6); other attempts 
are to be found in Claus, Uchcr die Classification Med usen (Arh. ZooL 
Inst Wieny vii. 1888), and Vanlniffen, Zar System dir Scyphomednsen {ZooL 
Anz. xiv. 1891). 

Order 1. Staoromedusae. (For definition, see p. Gl.) 

Family 1. Tessiridae. Geiicia —Tcsscray Hkl.; I'vssemnthay Hkl.; 
Depastrellay HkL; Thpastrum, Closse; Hkl. Family 2. 

Lucernariidae. Genera —HaUchjstasy Clark; Lucernariuy O. F. Mull.; 
Halicyathuiy Clark ; Cralcrolopkasy Clark; Lisemioniy Antipa. Family 3. 
Capriidae. Genus —Oapnay Antipa. 

Order 2. Feromedusae. (t^or definition, see p. 63.) 

Family 1. Pericolpidae. Genera— Pericolpay Hkl.; Pericryptay Hkl. 
Family 2. Pxriphyllidae. Genera — Peripalmay Hkl,; Periphylluy 
Steenstr.; Piriplamay Hkl. 

Order 3. Oubomedusae. (For definition, see p. 64.) 

Family 1. Charybdeidae. Genera — Procharagmay Hkl.; Pro- 
charyhdiiy HkL; Charybdaeay P4r. Les.; Tamoyay F. Mull. Family 2. 
Cbirodropidae. Genera— Chiropsalmviy L Agass.; Chirodropusy Hkl 

Order 4. Discomedasae. (For definition, see p. 67.) 
Sub-Order 1. CaKnobtomae. 

Dejinition ,—The mouth is simple and devoid of arms. The ten¬ 
tacles are solid and generally short. 

Family 1. Ephyuidae (in many cases probably larval forms). Genera 
—Ephyray P4r. Les.; Palephyray Hkl.; Zomphyray Hkl.; N&imcaa, Hkl.; 
Nauiithoiy KulL; NauphanUSy HkL; Atollay Hkl.; Collaspisy Hkl. 
Family 2. Limeroidae. Genera-—HkL; Linanthay Hkl.; 
Liniicuiy Hkl; Limiekiy Esch. 
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Sub-Order 2. Semostomae. 

Definition. —The mouth is provided with four oral arms. The ten¬ 
tacles are hollow, and generally long. 

Family 3. Pelagidae. Genera— Pelagia, Per. Les.; Chrysaora, Per. 
Les.; Dactylometra, L. Agass. Family 4. Cyaneidae. Genera—Pro- 
cyanea, HkL ; Medora, Couthouy ; Stenoptycha, Ij. Agaas.; Demionema, L. 
Agass.; Drymonema, Hkl.; Cyanea, Per. Les.; Patera, Less.; Melimna, 
Hkl. Family 5. Flosculidae. Genera— Floscula, Hkl.; Floresca, Hkl. 
Family 6. Ulmaridae. Genera— Ulmaris, Hkl.; Umhrosa, Hkl.; Undosa, 
Hkl.; Sthenonia, Esch.; Phacellophora, Brandt; Aurelia, Per. Les.; 
Aurosa, Hkl.; Auricoma, Hkl. 

Sub-Order 3. Rhizostomae. 

Definition. —The mouth is oblitemted by the central fusion of the 
four bifurcated oral arms, and is functionally replaced by numerous suck¬ 
ing mouths on their “ oral ” aspect; tentacles are al»ent. 

Family 7. Toreumidae. Genera — Archirhiza, Hkl. ; Toreuma, Hkl.; 
Pohjclonia, L. Agass.; Cassiopeja, Per. Les.; Cephea, P<Sr. Les.; Polyrhiza, 
L Agass. Family 8. Pilemidae. Genera— Toxoclytus, L, Agass.; Lych~ 
norhiza, Hkl; Plnjllorkka, T. Agass.; Eupilema, Hkl.; Pilema, Hkl.; 
llhopilema, HkL : Urachiolophm, HkL ; Stomolophus, L Agass.; Neeto- 
pilema, Fewk. FA:kiiLY 0. Versuridae. Genera— Haplorhiza, HkL; 
Cannnrhiza, Hkl.; Verenra, Hkl.; Crossoetoma, L. Agasa ; Cotylorhiza, 
L. Aga'^s, ; Stylorhiza, Hkl. ; Lohorkiza, Vanhoffen. Family 10. Cram- 
bessidae. Genera— Crambessa, Hkl.; Mastigias, L Agasa ; Eucrambesea, 
Hkl.; Tbysanostoma, L. Aga.ss.; Himantostoma, R Agass.; Leptobrachia, 
Brandt; Leonura, Hkl.; Cramborhiza, HkL 
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To names of Classes, Orders, Sub-Orders, and Genera ; and to technical terms. 


Ahyla^ 56 
Acanthella^ 55 
AcaYUhodadium, 29, 54 
AcduliSf 53 
Acharcbdriat 53 
acrocyst, 28, 45 
Adinogonium^ 53 
actinula larva, 22 
adradial canals, 6 
adradii, 4 (Fig. 7) 

Aegina^ 55 
AegiTiellOf 33, 55 
Aegineta, 33, 55 
Aeginidae, 55 
AeginodiscuSf 55 
AegiriocloruSf 55 
AegtnopsiSf 35, 55 
Aegitwr/toduSt 55 
AeginurOf 34, 55 
Aeguorea, 24, 54 
Aequoridae, 54 
Agalma^ 47, 66 
Agalmidae, 56 
Agalniopsis^ 39, 40, 56 
Aglaisifui^ 56 
Aglantha, 30, 32, 55 
AglaophtniOy 23-25 (Fig. 
31), 27, 28 (Fig. 37), 
29, 54 

Aglaopheniidae, 54 
Aglaunu 32, 55 
Aglauridae, 55 
Aglauropsisy 55 
AglUcm^ 55 

Allopom^ 35-37 (Fig. 48a), 
38, 55 

Alophota^ 57 

alternation of generations, 
18 

Amalthaea^ 16, 52 
Atnetrangiaf 54 
Ampkioaryon^ 56 
Ampkicodonf 52 
Ampkinema^ 52 
Ampkirrkoa, 56 


ampullae (medusoid), 36, 
38 

Angela^ 57 
AngehpsiSf 57 
Anisicol<it 23 
A nfennulariaf 55 
Antlie})iodeSf 56 
Authomedusae, 11-22, 52 
A ntiwphysay 56 
Aiithophysidae, 56 
Apoleaniaj 39, 45, 56 
Apolemiidae, 56 
Apolemopsis^ 56 
ArchirhizHi 76 
Arethmay 57 
Armenisia^ 56 
Astylus, 37, 38 (Pig. 43rt), 
55 

Atkindlia, 56 
Athoriciy 40, 45, 66 
Athoriidae, 56 
Athorybia^ 56 
Atolla, 75 
AtraclyliSy 53 
Auralm^, 57 

Aurelia^ 6 (Fig. 7Aw), 9 
(Fig. 105), 61, 67, 70, 76 
Auriconuif 76 
Auronectae, 56 
aurophore, 42 
A urophysat 57 
AuniSit^ 72, 76 
Azygophiif 54 

56 

JkUhyctvloiif 52 
JkUhyphysa, 66 
Berenkey 26, 54 
Bbmriay 53 
blastocoele, 22 
blostostyle, 14 
blastula, 2, 22 
BmgainvdUOy 11-14 (Fig. 

19), 16-19, 20, 53 
Bougainviliidae, 53 


brachial canal, 73 
Brachiolophusy 76 
bract, 40 

budding of hydroid, 3, 4 
— of medusoid, 17-19 

Cahtmphom, 54 
VuUcarpay 55 
Calicarpidae, 55 
Callitmray 16, 52 
Cidpey 56 

Cfdycellay 23, 28, 54 
Calyconectae, 56 
Calyptoblastea, 53 
Campanidavay 53 
Campcmojjsisy 23 
Catnpamdaria, 23, 27, 29, 
54 

Campanularidae, 54 
Cain/Htnniinay 26, 27, 54 
Ctnniophysa, 57 
I Cannorhizay 71-73, 76 
Caunostomae, 75 
Cannotiiy 54 
Caunotidae, 54 
CapricLy 75 
Capriidae, 75 
Camitllfiy 57 

Cumianna. See Oeryonia 
Camiarisy 55 
C(issioj)ejay 76 
CtUaUcmay 52 
centradenia, 42 
ceutriiwtal canals, 32 
CepheHy 76 
Cenitelf(ty 13, 53 
Ceratelladae, 53 
C/MryhdaeOy 61, 65, 66, 75 
Charybdewlae, 75 
Chinxlropidae, 75 
ChirtHlropKSy 65, 66, 75 
Chiropsalmmy 75 
Chrymoroy 67 (Fig. 6), 68, 
71, 74 (Fig. 145), 75,76 
Cionistesy 53 
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(yn'calin^ 56 
Oircaliidae, 56 
circular canal, 5 
cirrhi, 24 
Cldulocantut, 54 
Cl(uh)c/trp\^St 54 
Cladocoryney 11, 53 
Oladocoryniilae, 53 
Cliidmiema, 17, 19, 53 
Clfttloneiuidae, 53 
ClathwziHm, 23, 55 
Clam, 15 (Fig. 21), 20, 53 
Olatyatella, 16, 17, 19, 53 
Clavatellidae, 53 
Clavidae, 53 
Clovida, 53 
Clytia, 23, 54 
cnidoblasts, 6 
cnMocil, 6 
cniilophore, 16 
Codoiiidae, 52 
Ctxioiuum, 17, 52 
Otdonorchis, 52 
coeleiiteroii, 2 

coeiienchyinc, 35 
coeuosarc, 4 

coeiiosteum, 35 ' 

O^llaspis, 75 | 

coUetocystophore, 62 
colony formation, 4 
Conis, 52 
Conojwra, 55 
Cvppinio, 27, 55 
corhnla, 29 

Cai'dt/lophnm, 13, 18 (Fig. 

29), 20, 53 
cordyitta, 9 
oonnUUain, 45 
Oon/dcndHttm, It, tl 
Coyi/tiHirpha, 12, 15 (Fig. 

23), 16, 51 
Coryniorphidae, 53 
Cnn/iie, 11, 13, 20, 21, 53 
(.Wt'i/urtcfi, 52, 53 
Corynidae, 53 
Con/uopRis, 53 
Oiti/lofhiza, 76 
Crnmhenaa, 76 
Orambesaidne, 76 
Grmnhyi'hiza, 76 
Cyaterdlophva, 75 
Croaaoatonm, 76 
Oryptohelia^ 36, 55 
CryptolarMf 54 
aemiia, 18 (Fig. 26), 53 
CubognuieTf 52 
Cubaides, 56 
Cubomedtisae, 64, 75 
CucubeUuSf 56 
Cttciillui^ 56 
Ofoiautha, 33, 34 


Cuuaiitliidae, 55 
Cumrcka, 55 
Cnntolana, 56 
Cuni7ia, 7 (Fig. 10), 11, 34, 
35, 55 
Cuniam, 55 
Cunoctantha, 35, 55 
Cunoctona, 55 
Ciqnilita, 56 
Cttapidella, 54 
Cyanea, 71, 75, 76 
Cyaiieulae, 76 
cycloaystein, 36 
Cyndm, 56 
(Jymltonectcs, 42, 56 
Cyafalia^ 57 
Cj'staliidae, 57 
cyston, 45 
Cystonectae, 57 
Cytaeia, 52 
Cyttindmea, 52 

Daeiylometra, 76 
dactylopore, 35 
: dactylozooid, 16 
I Davnonia, 50 
I DahitelU^ 53 
I Dendroelara, 53 
Dt/ulroyraptM, 50 
Deudroidtft, 50 
Detuironmm^ 51 
IMpiuirella^ 75 
Jhpaitmm, 75 
Deamnita, 56 
Deamtinema, 76 
Desmnphyea, 56 
Deamophyidae, 56 
Deamoscifphiui, 54 
diblaatula, 2, 22, 60 (Fig. 1) 
Dichograptidae, 50 
Dicodoniwn, 62 
Dieoryne, 21, 22, 53 
Oicra^wcramm, 54 
Dicraiiograptidae, 50 
Dktyocladinni, 54 
Dictyoitema, 50 
iJicymbaf 56 
di^tive cells, 7 
JJimorphoffraptus, 50 
52 

DipetasiUf 55 
Diphaaia, 23, 24, 30, 54 
Diphyes, 40, 42, 56 
Dtphyidae, 66 
I>iphyop$i$i 56 
THplmroaoma, 54 
DiploehiUHi^ 54 
Di]^ocyathn$t 54 
Diplograptidae, 50 
Diphpky9a,b% 

D^ahira, 52 


Diprionidae, 50 
Diipwrma, 52 
Discalia, 55 
Discalidae, 55 
Discoldhf, 56 
Discolabidae, 56 
Discomedusae, 67, 75 
Diacmuxlia, 55 
Disconectae, 55 
JJissonema, 24, 53 
DisHchopora, 35, 36, 38, 55 
Iktramasia, 56 
J>rymonema, 76 
Dyscaiinota, 54 
l}yanwr2)ho8a, 52 

ectoderm, 2 

— of hydroid, 6, 7 

— of mednaoid, 8 
Kctopleura, 52, 53 
JSleiUlieria, 17, 53 
tiidoderm, 2 

— of bydroiil, 7, 8 

— of medusoid, 11 

— lamelU, 5 
entoeodon, 18 
KpentkesU, 54 
Ephyra, 68, 70, 75 
Ephyridae, 75 
Mpibulia^ 47, 57 
Epibulidae, 57 
epithelio-nmscalar cells, 6 
Hhrina, 37 (Fig. 43a), 55 
Ertaea, 56 

Ersaeidae, 56 

Ersaeome, 41 (Fig. 47), 45 
Eiichilota, 10 (Fig. 13), 54 
Eifenj)e, 24, 26, 64 
Eucopidae, 54 
KucopUm, 54 
EucrambesM, 76 
Eudendriidae, 53 
Eudendrinm, 11,13,14,16, 
18 (Fig. 28), 20-22, 53 
EudoxeUa, 56 
Eudoxidae, 56 
Eudoxome, 45 
Euj}hy$a, 16, 52 
Kvpilema^ 76 
EtUhna, 54 
Eutmaiphea, 54 
Euliniaia, 54 
Eutimiumf 54 
exumbral (adj.), 5 

-• 

false blastostyle, 14 
festoon canal, 34 
FileUvm, 54 

flssion, in hydioida, 21, 30 
^ in medusoids, 30 
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Floreaca^ 76 
FfoKiUa, 74. 76 
FloiiCttlidae, 76 
ForsktXleOi 39, 40, 45, 56 
Forsk&lidae, 56 
Forakdliopsit^ 56 
fronula, 65 

OaUolaria, 45, 56 
ganglion cells, 7 
Oarveia, 53 
gastral lamella, 5 
gastric cavity, 5 
gastropore, 35 
gastrozooid, 36 
gastrula, 2, 22 
Gemmaria^ 53 
gemmation. See budding 
generative cells, 11 

— origin and migration in 
Hydromedusae, 20, 21 

— in Leptomcdusae, 29 
Oeryones^ 31, 55 
Oeryoniat 30-33, 35, 55 
Oeryonidae, 55 
OlobieepSi 52 
Oloisocodofit 55 
Olossoeonus, 55 
gonodendron, 40 
gonophore, 5 
gonostyle, 40 
gonotheca, 6, 27 
Gonot/iyraeot 27, 29, 54 
gonozooid, 5 
GononemOf 54 
Gassea, 55 
Gramnmria, 54 
Grammariidae, 54 
Oraptolithulae, 50, 51 
Graptoloidea, 50 
gubemaculum, 27, 30 
Gymuoblastea, 52 
GymnocorynCf 53 

Halatraetiis^ 53 
Haleciidae, 54 
Halecium^ 28, 37, 54 
58 

ttmlidygtm, 61-64 (Fig. 3), 

75 

JMtcomario, 54 
Halicornariidae, 54 
Halicyaih'kut^ 75 
Haluiphonia^ 54 
47, 56 

Ealmomuea, 54 
ffaioeordyU, 53 
BMkma^ 54 
HaloptiB, 54 
Halmramut 56 
Syphrkimt, 76 


IfeheUa, 64 
HeterocordyUt 53 
HeUroplon^ 55 
I/eterosiep/ianuSt 58 
Hiniantoatoma^ 76 
Hippocren^ 52 
Hippopodius^ 56 
Hipptirdla^ 55 
licnnoeonevuit 55 
Hybocodmi^ 52 
Hydra, 2, 3, 11-13, 20, 22, 
63 

Hydractinia, 13, 14, 15 
(Fig. 22), 16, 21, 58 
Hydractiniidae, 53 
Hydrallmania, 54 
hydrantb, 2 
Hydranthea, 53 
liydrtllay 54 
Hydridae, 53 
hydrocaulus, 5 
Hydroceratinidae, 55 
hydrocladia, 23 
Hydrocornllinne, 35-38, 55 
hydrocyst, 39 
hydroecium, 42 
hydroid, 2-5 
— histology, 6-S 
Hydrolarldae, 53 
hydrotheca, 5 
Hydromedusae, 1 
hydrophyllium, 40 
hydrorhiza, 5 
Hydrozoa, 1 
Hypanthea, 54 
Hypopyxis, 54 
Hy|K>stome, 3 

Idia, 54 
Idiidae, 54 
infundibulum, 42 
interradial canals, 6 
interradii, 4 (Fig. 7) 
interstitial cells, 7 
involucrum, 39 
Irene, 25 (Fig. 33), 54 
Irenium, 54 

Labiopora, 55 
Lafoea, 23, 54 
Laodice, 24, 54 
Laoniedea, 27, 54 
Lar, 16, 17, 63, 54 
lens, 9 
Leonum^ 76 
Leptobrachia, 74, 76 
Leptograptidae, 50 
Leptoinedusae, 22-30, 53 
Leptoacyphns, 54 
Lictorelia, 54 
Lilaaa, 56 


LHyopsis, 56 
Limnocea, 52 
Limnocnida, 47-49 
Limnocodmm , 47-49 
Lbiantha, 75 
Lbierges, 75 
Liuergidae, 75 
Linisctis, 75 
Lmophyaa, 67 
Linuclie, 75 
Liriantha, 55 
Liriope, 30, 32, 55 
Lizusa, 52 
Lizzella, 52 

Lizzia, 10 (Fig. 11), 16, 52 
Lohorhiza, 76 
Lovenella, 54 
Liicernaria, 62, 75 
Lucemariidae, 75 
Lucrrnosa, 75 
Lychnagahna, 56 
Lychnorhizci, 76 
Lytocarpus, 29, 54 
Lytoscyphm, 54 

machopolyps, 24 
manubrium, 5 
Margelidae, 52 
Margelis, 52 
Margellium, 52 
I marginal cirrhi, 24 

— funnels, 26 

— tubercles, 25 
Marmanema, 32, 55 
marsupium, 28 
Mastigias, 76 
meconidium, 28 

I Medora, 76 
medusoid, 5 

— histology of, 8-11 
Melicertefla, 54 
MeUctiiidinm^ .54 
MdicrTtisaa^ .54 
Melicertum, 26, 54 
Melophysa, 56 
Melnsina, 76 
Merona, 53 
mesentery, 61 
mesogloea, 2 

— of hydroid, 8 

— ofmedusoid, 11 
mesogonium, 32 
Hesonema, 54 
metagenesis, 13 
Microhydra, 11, 49. 53 
MUlepora, 35-38, 55 
Milleporidae, 55 
Mitroeoina, 22, 54 
MitrocotneUa, 54 
Mitrocmninm, 54 
MUrophyes, 56 
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McHieeria, 52 
Monobracbiidae, 53 
Mon6br<ichiumt 53 
Monocaulidae, 53 
Monocauhis, 53 
Monogastricae, 56 
Monograptidae, 50 
MonophyeSj 56 
Monophyidae, 56 
Monoprionidae, 50 
mouosiphoQic (adj.)i 23 
Muggiaea^ 56 
Hyrioneimy 53 
MjTioneiiiidae, 53 
Myriothelu^ 11, 22, 53 
Myriothelidae, 53 

Narcomedusae, 33-35, 55 
yanphanta, 75 
yausicna^ 74, 75 
yausithoe, 71, 75 
ycctaiia, 56 
Nectalidae, 56 
iiectocalyx, 40 
iiectophore, 40 
yectophysay 57 
yectoptlemay 76 
nectozooid, 40 
iiematocyst, 6 
iiematophores, 24 
yemcrtcsia^ 55 
ycnwpsist 17, 52 

OMaria, 54 

(Jhdia^ 23-25 (Fig. 32), 
26-28 (Fig. 35), 29, 54 
ocellus, 9 
Oct'iCfinna, 54 
Octftnema^ 53 
Octorchundnif 54 
Octorchidium^ 54 
(htorchis^ 26, 54 
oleocyst, 45 
(dindinsy 31, 32, 55 

OpfTcnlarcUay 54 

OphmJeSy 24, 54 
OrchishnnUy 26, 54 
otocyst, 9 
otolith, 9 
otoporpae, 34 

Pahphyray 72, 74, 75 
palpacle, 39 
palpocil, 6 
palpon, 39 
Pandaeat 62 
Paniachogon^ 55 
Patera^ 76 

PectanthUi 30, 31, 55 
PectUy 55 
Pectyllia, 55 


pedalia, 63 
Pcganthay 55 
Pegaiithidae, 55 
Pegasiay 56 
relagiity 71, 72, 74, 76 
Pelagidae, 76 
Pennariuy 53 
Peiinariiilae, 53 
Pcricolpay 64, 75 
Pericolpidae, 75 
Pericryptay 75 
PcrigoninuiSy 12, 13, 15 
(Fig. 20), 16, 17, 53 
Penpainuiy 75 
Pcriphemay 75 
Periphyllay 64, 75 
Periphyllidae, 75 
perisarc, 5 
Perisiphonia, 54 
Perisiphoniidae, 54 
Peromedusae, 63, 75 
peronia, 31, 34 
perratlial canals, 6 
jierradii, 64 (Fig. 7) 

PfruUy 55 
Petachniuny 55 
I PctasatOy 55 
Petasidae, 55 

Pctasusy 32, 55 I 

jdiacella, 61 
PhaccUvphoray 76 
PhUdidivniy 10 (Fig. 12), 54 
Phial is, 54 
Phialuin, 54 
])hylactocarp, 29 
jdiyllocyst, 40 
Phyllovnraptidae, 50 
Phylloj/hysa, 56 
l^hylloi'hhn, 76 
))liyllozooid, 40 
Phtfsalia, 40, 45, 46 (Figs. 

49, 51), 57 
Pliysaliidae, 57 
Pliysonectae, 56 
Physophora (Fig. 45), 41, 
56 

P ileum, 76 
Pilemidae, 76 
pillar canal, 73 
])innae, 23 
])i8tillum, 42 
planula, 22 
Jdetirophysa, 57 
Pliobothrm, 55 
Plumularia, 23, 24, 27, 65 
Phimulariidae, 55 
pneuniatopbore, 40 
Pneuvwphysa, 57 
Podacoryne, 12, 14,16, 21, 
53 

Podocorynidae, 53 


Polycanna, 24, 26, 54 
Polyclonia, 71, 76 
Polycolpa, 55 
polymorphism, Antho- 
medusae, 14-16, 20, 21 
— Lcptomedusae, 24, 26- 
29 

Poly orchis, 54 
Polyphyes, 56 
l*olypliyidae, 66 
polypite, 39 
Polypiu,H aria, 55 
Polypoilium, 21 
Polyrhiza, 76 
polysipboiiic (adj.), 23 
Poiyxcnia, 55 
Pcrrpalia, 56 
Porpema, 56 

P or pita, 43 (Fig. 48a), 56 
PorpiteUa, 56 
Porpitidae, 56 
Praya, 45, 56 
j Proboscidactyla, 54 
I Pmcharagma, 65, 75 
Procharybdis, 65, 75 
Procyanea, 76 
Protiara, 52 
Protohydra, 21, 49, 53 
]>.seudo-manubrium, 31 
Pteronema, 53 
Pterophysa, 57 
Ptychogena, 54 

radii, 4 (Fig. 7) 
rami, 23 
ramuli, 23 
Rofaria, 56 
Rathkea, 52 
Retioloidea, 51 
Rhcgnudijih'S, 54 
Rhiziigctoii, 53 
Rhizophysa, 45, 57 
Plnzojdiysidae, 57 
Hhizostoma, 74 (Fig. 14a) 
75 

Rhizostomae, 76 
RlunUdia, 67 
Rhodaliidae, 67 
Rhodophysa, 56 
Ithopcdoneim, 10 (Fig. 14)i 
11, 32, 55 
Plmpilevut, 76 

Salacia, 64, 67 
Salaciidae, 57 
Saphenella, 64 
Saphenia, 64 

Sarsia, 16, 17 (Fig. 25), 62 
Schizocladium, 30 
Schizotricha, 66 
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Sciurella^ 55 
scyphistonia, 61, 68 
Scyphomedusae, 60-76 
Scyphozoa, 1 
scyphula, 68 
Seniostoniae, 76 
sense cells, 6 
— organs, 9-11 
Sertularelldf 27, 29, 54 
Sertularia^ 21 y 23 (Fig. 36), 

54 

Sertulariidae, 54 
sicula, 50 

siphon (siphonophora), 39 
Siphonophora, 38-47, 55 
SlaJbberUiy 52 
Sniinthonenuiy 31 
Solrnaridae, 55 
Solmaris, 33, 35, 55 
Soluiissusy 55 
Sohnoncta, 55 
Sviinutiflelldy 55 
Solminulvsy 55 
somatocyst, 45 
spadix, 20 
SphoAirocAwynCy 53 
SpIuteronecicSy 56 
t^ph^mideSy 56 
Sphyrophysciy 56 
SpiniporUy 35, 37, 55 
•^pongicoUty 53 
Spongicolidae, 53 
Sporadopora (Fig. 436), 38, 

55 

sporosac, 20 
Siauraglauray 55 
Stauridiumy 53 
Staurobrachiumy 54 
Stanrodiscusy 26, 54 
Stauromedusae, 61, 68, 75 
Staurophoray 54 
Staurostonuiy 24, 54 
Staurothecay 54 
SteetistrupiOy 52 
Stenohelitty 55 
SUnoptychay 76 
Stephaliay 45, 57 
Stephalidae, 57 
SUpIianomUiy 56 
Stephanopkyesy 56 


Steplianophyidae, 56 
StcphanoscyphuSy 53 
Steplianospiray 56 
Stephoiudkiy 57 

StheiumUty 76 
titmtwhrachiumy 54 
atomolophuSy 76 
Stovwiocay 52 
Strcptocaulusy 54 
StrofxdiUy 56 
Styldctelldy 53 
StylaciiSy 53 
Stylastery 35-37, 55 
Stylasteridae, 55 
style (calcareous), 36 
SlylorhizUy 76 
subgenital pit, 61, 71 
subumbral (adj.), 5 

— funnel, 61 

— l)apillae, 26 
SyncorynCy 17, 53 
SyndkiyoUy 52 
Synthecidae, 54 
SynUieciuniy 54 

tabulae, 36 
taeniolae, 61 
Tamoydy 75 
tentacle, 3 

tentaculocyst, 9, 70 (Figs. 

10, 11), 71 
tentillum, 39 
Tesseniy 61-63, 75 
Tesseranthay 62, 75 
Tesseraridy 75 
Tesseridae, 75 
Tetrawvuiy 53 
Tctraplatidy 49 
Tctraptemiy 49 
ThumnitiSy 52 
Thamnostomay 52 
ThamnostyliiSy 52 
TImumantiaSy 30, 53, 54 
Thauniantidae, 53 
Thecocladiuniy 54 
ThniarUiy 54 
ThyroscyphuSy 54 
Thysamistonuiy 76 
TiarUy 16, 52 
Tiarellay 53 


TiaridaCy 52 
Tuiropsisy 54 
Titiiay 54 
Turemnuy 76 
Toreumidae, 76 
Tifxoclytusy 76 

TiKCorchiSy 54 
tracheae, 42 

Trachoniedusae, 30-33, 55 
Tnichynemiy 33, 55 
Trachynemidae, 55 
TrichydrUy 55 
trophozooid, 2 
Tubidavay 53 

Tubularidy 11, 14, 16 (Fig. 

24), 17, 20, 22, 53 
Tiibulariidae, 53 
Turridae, 53 
TurriSy 52, 53 
TurritopsiSy 35, 52 

Ulmaridae, 76 
Cl mart Sy 76 
Umbrella, 5 
Umbrosay 76 
Uiuhsoy 76 


velarium, 61 

Velella, 39, 40, 42,43 (Fig. 
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CHAPTER VI. 


THE ANTHOZOA.^ 

CLASS ANTHOZOA. 

Sub-Class 1. Alcyonaria. 

Grads A. Protalcyonacba (no Orders). 

Grade B. Synalcy'onacea. 

Order 1. Stolonifera. 

„ 2. Alcyonaces. 

„ 3. Pseadazonia. 

„ 4. Azifera. 

„ 5. Stelechotokea. 

„ 6 . Coenothecalia. 

Sub-Class 2. Zoantharia. 

Grade A Paramera. 

Order 1. Ceriauthidea. 

„ 2. Aatiimtiudea. 

„ 3. Zoanthidea. 

„ 4. Edwardaiidea. 

„ 5. Proactiniae. 

Grade B. CRYrrorAUAMKRA. 

Order 6 . Actiniidea. 

Sub-Order 1 . Malaeactiniae. 

„ 2. Scleractiniae (= Madreporaria). 

Section 1 . Aporosa. 

„ 2. Fongacea. 

„ 3. Perforata. 

The animals which we now class together as Aiithozoa hare 
beein familiar to naturalists from the days of antiquity, but our 
knowledge of their true nature and affinities is of comparatively 
recent date. To this day we are far from being able to give a 
satisfactory account of the relationships of the different groups 
comprised in the class. 

^ By O. C. Bourne, M.A. 
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To the earliest authors of antiquity the larger and more strik¬ 
ing members of the Anthozoa were partly animal, partly vegetable 
productions, and hence they were known as zoophytes (fwo^^ijra), 
a name which is still in popular use. But many of the Anthozoa, 
particularly those which have conspicuous horny or calcareous 
skeletons, were for a long time regarded as mineral products, or 
in some cases were fancifully supposed to have the double nature 
of plants and minerals. The popular conception of coral was ex¬ 
pressed by Ovid in the fourth book of the Metamorphoses :— 

nunc quoque coralliis eadem natura remansit; 

(luritiam tacto capiant iit ab aere, quodque 
viineii in aequore ei*at, fiat super aeqiiore saxum. 

It is true that Aristotle had long before this recognised the 
animal nature of the ordinary sea-anemones or Actinians, which he 
described sometimes under the name of “ Cnidae,*' sometimes of 
“ Acalephae ”; the Medusae were also included by him under the 
same name. Aristotle’s observations on Actinians and Medusae 
are given in the sixth chapter of the fourth book of the Uistoria 
anhmlium^ and it w<as long before any substantial addition was 
made to them. Theophrastus, a pupil of Aristotle, regarded the 
])recious coral of commerce as a mineral which, because of its red 
colour, was comparable to haematite; but the Gorgonians he con¬ 
sidered to be plants. Several of the authors of antiquity fell into 
the same error of regarding different forms of Anthozoa as plants; 
and Pliny, who was acquainted with a considerable number of 
them, describes some as plants, some as minerals, and others as 
occupying an intermediate position between the animal and 
vegetable kingdoms. *^£quidem et his inesse sensum arbitror 
quae neque animalium neque fructicum sed tertiam quamdam ex 
utroque naturam habent; urticis dico et spongiis” {Uistoria 
nafuralis, lib. ix. ch. 68). 

Amongst the species described by Pliny are several Gorgonians 
and two forms which he described as marine plants under the 
names of “ Isis criiiis ” and ‘ Charitoblepharon.” They may have 
been Antipatharia or Pennatulids. 

From the days of Pliny until the sixteenth century no addition 
was made the knowledge of the Anthozoa. But we find that 
the encyclopaedists described and figured Actinians as animals. 
Bondelet (1534) and Belon (1551) described them in their works 
(le piscihus imrinis, and their statements were accepted and repeated 
by Wotton (1552), Coni*ad Gesner {de aqmtUHniSy 1558), Aldrovandua 
{Animalia ezsangiiia, Zoophytay 1606), and John Johnston {de 
sangnihus aquaiicis, 1657). But the prevailing error which regarded 
the colonial forms as plants, led to the Anthozoa being chiefly 
studied by botanists. Lobel, for instance, in 1591 gave drawings 
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of six species which are recognisable as (1) Madrejpora ocxdata; 
(2) Dendrophyllia ramea; (3) Corallium rubrum; (4) Antipathes; 
(5) and (6) Gorgonians, 

Theodore Tabernaemontanus extended the error and figured 
amongst marine plants, not only the precious red coral and some 
Gorgonians, but also an Actinian, thus taking a step backwards 
from the position already gained by Aristotle. Similarly we find 
Gorgonians and Corals described as plants byTournefortandFerrante 
Imperato. All these authors seem to have been acquainted only 
with the dry condition of Corals and Gorgonians. The first step 
in advance was made by Paul Boccone, who, in the seventeenth 
century, conceived the idea of accompanying the coral divers on 
their expeditions from Messina in order to study corals in the 
fresh condition. He showed that the branched axis which forms 
the major part of the red coral is covered in the fresh condition 
with a soft tissue, and he discerned in this tissue the radiate pores 
of the retracted polyps. He combated the view that the coral 
was a plant, but fell into the still graver error of explaining their 
nature to be that of a simple stony concretion. Similar investigations 
were undertaken at a later date by the Comte de Marsilli, and by 
an Englishman named Shaw, both of whom regarded corals as 
plants, and their views were adopted in full by the illustrious 
B4aumur. 

The discovery of the true nature of Corals and Gorgonians is 
due to Jean Andr4 de Peyssonel, a native of Marseilles, who made 
a number of observations on corals on the coast of Barbary, and 
kept several forms alive in aquaria. He saw the expanded poly{)s, 
and recognised their true nature, and he made some observations 
on their anatomy: “Je fis fleurir le corail dans des vases pleiiis 
d’eau de mer et j'observais que ce que nous croyions @tre la fieur 
de cette pr^tendue plante n’^tait, au vrai, qu’une insecte semblable 
k une petite ortie ou poulpe. Cette insecte s’^panouit dans Teau 
et se ferme k Fair, ou lorsque je versais des liqueurs acides, ou 
que je le touchais avec la main j’avais le plaisir de voir remuer les 
pattes ou pieds de cette ortie.” 

Peyssonel’s observations were laid before the Academy of 
Sciences Fr^ce in 1727, but his views were strongly opposed by 
Reaumur, whdie authority was sufficient to condemn them. It was 
not till 1751 that they found full expression and acceptance at the 
hands of the Royal Society of London, and were fully published 
in London under the title of Traduction iVun article des Tran- 
Mctions Fkilosophigues sur le CoraiL In the meantime Trembley 
had made his classical researches on Hydra, and had communicated 
them to R6aumur, who in company with Bernard de Jussieu 
repeated Trembley’s observations, and discovered on the coasts 
of Normandy living and expanded Alcyonarians, covered with 
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multitudes of little polyps like those which Trembley had 
described. After this there was no resisting PeyssoneVs opinion, 
and the name of polyps was given by Reaumur to the Hydra, to 
Corals, and Actinians alike, because of their fancied resemblance to 
the “ Poulpe ” or Octopus ; because, as he said, leurs comes sont 
analogues aux bras de Tanimal de mer qui est en possession de ce 
nam.” 

The discovery of the animal nature of corals attracted many 
naturalists to the study of the Anthozoa, and considerable 
works on the group were published by Ellis (21), Cavolini, and 
Esper {Die PJlatizenihiere^ Nuremberg, 1791). The works of these 
authors contained many errors. No distinction was made between 
Hydroid polyps, Polyzoa, Corals, Sponges, and even Ascidians. 
The separation of the last named was due to Savigny. Neither 
Cuvier,Lamarck,or Lamouroux dealt with the anatomy of “polyps,” 
but founded their systems on the characters of the skeletons or 
polyparies. It was Milne-Edwards who, in conjunction with 
Audouin, first demonstrated in 1828 that Flustra and its allies are 
distinguished from the Actinians and Coral polyps by the possession 
of a separate mouth and anus, and that the sponges form a se{)arate 
group characterised by the absence of polyps. In 1830 Vaughan, 
Thompson, and in 1834 Ehrenberg, finally se^mrated Flustra 
and its allies under the names Polyzoa and Bryozoa, but the 
Hydrozoa were still confounded with the Anthozoa, and it 
required some years of labour on the part of Sars, Dujardin, von 
Siebold, P. van Beneden, and Desor in order to effectually separate 
the two groups. The anatomy and classification of the group 
thus purged of intruders were placed on a firm basis by the 
classical works of Dana, and of Milne-Edwards and Haime (1857), 
and in more recent years the studies of de Lacaze-Duthiers, 
Kowalevsky, G. von Koch, and E. B. Wilson on development, of 
A. Agassiz, Moseley, G. von Koch, and others on the comparative 
anatomy, and 0. and R. Hertwig on the histology of many forms 
of Anthozoa have gone far to render our knowledge of tiie group 
more exact, though, as yet, far from complete. 

The Anthozoa, whose history has been shortly considered, form 
a class of the phylum Coelentera. Leaving tljUe Porifera and 
Ctenophora out of consideration, as possessing structural and 
embryonic features which separate them somewhat sharply from 
the remainder of the Coelentera, the fundamental morphological 
concept of a Coelenterate animal is a polyp or zooid. 

The term polyp, as has been shown above, is due to a fancied 
resemblance between the coelenterate individual and the Poulpe or 
Polypus, as the common Octopus was popularly named in France. 
In spite of its fanciful origin, the term has come into generid use. 
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but it is much less convenient for practical purposes than the 
term zooid, which is applied to the individuals which compose 
colonial organisms in several other groups in the animal kingdom. 
There is no inconvenience in applying the same general term to 
the individual members of different groups, if it is clearly under¬ 
stood at the outset that there are several kinds of zooids, differing 
from one another in important anatomical features, and if we bear 
in mind that the term is more particularly applicable to the 
asexually produced individuals composing a colony, but may 
also be transferred to individuals, similar to the colonial forms in 
all respects, except that they do not form colonies. Throughout 
this chapter, the term zooid will be employed instead of the older 
teim polyp, to designate an Anthozoan individual. It is true 
that Kqlliker has used the term, in a special and limited sense, in 
describing certain Anthozoa, but his special use of the term is 
unwarrantable, and will be referred to further on. 

A Coelenterate zooid is an animal consisting of a hollow sac 
of various form—columnar, spherical, or disc shaped. The cavity 
of the sac, known as the coelenteron, is the only cavity of the 
body, and communicates with the exterior by an opening, the 
mouth, which serves the double purpose of admitting food into 
the cavity of the sac, and of expelling undigested matter; and in 
the Anthozoa the reproductive elements. There is rarely a second 
aperture at the end of the body furthest from the mouth opening. 
A vertical line passing through the centre of the mouth is the 
principal axis of the coelenterate body, the secondary axes being 
disposed radially with regard to the principal axis, though, as will 
be seen further on, there are many cases in which the primitive 
radial symmetry is replaced by a more or less well-defined, 
bilateral symmetry. Around the mouth, but placed at some little 
distance from it, is a circlet of tentacles disposed radially with 
regard to the principal axis. The space between the mouth and 
tentacles is known as the peristome. The tentacles may be 
solid or hollow \ when hollow, their cavities are prolongations of 
the coelenteron. 

The walls of the sac-like body, and also the tentacles and 
peristome are always composed of three layers of tissue, of which 
two, the external layer or ectoderm, and the internal layer or 
endoderm, are always cellular, and are coextensive and identical 
with the epiblast and hypoblast of the embryo. 

The third layer, lying between the ect^erm and endoderm, 
varies considerably in structure and importance in different groups 
of the Coelentera. Typically, it is not a cellular layer, but is of 
gelatinous consistency, and is formed as a sort of secretion from 
the ectoderm; in some cases the endoderm also takes a share in 
its formation. After treatment with reagents, the middle layer 
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may show a fibrillar structure, which, in many cases, is undoubtedly 
an artifact. It may be homogeneous and devoid of all trace of 
structure, or it may contain numerous cells, which are either 
branched, nucleated, so-called connective tissue cells; nerve cells 
and fibres, muscular fibres, or cells in which calcareous skeletal 



PlO. 1. 

1. —Diagraiiiiiiatic lon;'it\ulliial section through a typical Anthozoan zooid. w, body wall; 
}>«, peristome; h, base; ^ tentacles; st, stomodaeuin ; w, mesentery. 

2. —Diagrammatic transverse section through a typical Anthozoan zooid in the region of the 
stomodaeuin. ec, ectoderm; ra, endo<lenn; mg^ mesogloea; Mr, sulcus; d, sulculus. 

Za .—Nematocyst of ('orymutU viridiSf folly evert^. Zb. The same, before eversion. 8c. 
Tlie same, partly everted. 

4.—Section thi-ougli a typical Anthozoan mesentery with its mesenterial filament, en, 
endodenu; mg, mesc^loea; aiM*, muscle banner with supporting plications of the mesogloea. 

6.—Portion of the muscular layer of Anenwnia »\dwta showing the nerve plexus and ganglion 
celts. (1>4 original; 5 after O. and K. Hertwig.) 

spicules are developed. All these cells or cell-products are in¬ 
trusive, and are derived from one or other of the two prijmary 
limiting layers comparatively late in life. There is no third 
embryonic layer or mesoblast in the Goelentera, and for this 
reason, the terms mesoblast and mesoderm being synonymous, their 
middle layer is called the mesogloea, whether it be structureless 
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ind homogeneous, or whether it contain intrusive cells imbedded 
in a homogeneous matrix. 

Intimately connected with the absence of a mesoblast is the 
absence of all those cavities and structures which, in the higher 
metazoa, are lined by or formed from the mesoblast. There are 
no coelomic spaces in the Coelentera, no haemal or blood spaces, 
no specialised respiratory or nephridial systems. The musculature 
is derived either from the ectoderm or from endoderm, or in cases 
in which mesogloeal muscles may be spoken of, their origin from 
one or other of these layers is apparent. The same may be said 
of the skeletal tissues. 

The Anthozoau zooid, whilst possessing the general features 
enumerated above, differs from other Coelenterate zooids in some 
important particulars. 

The mouth in such an animal as Hydra opens directly into 
the coelenteron, and the external ectoderm passes into the 
endoderm at its lips. In the Anthozoan zooid the mouth does 
not open directly into the coelenteron, but into a shorter or 
longer tube, which projects into the coelenteron and opens into it 
below. This tube is formed in the course of development as an 
invagination of the ectoderm, and is therefore a stomodaeum. It 
is seldom round, more generally compressed from side to side, so 
as to be oval or slit-like in transverse section. 

At either one or at both ends of the oval there is a groove, the 
cells lining which are furnished with specially long cilia. When 
only one groove is present, it is termed the sulcus (siphonoglyphe 
of Hickson), where two grooves are present—one is termed the 
sulcus and the other the sulculus. The elongation of the mouth 
and stomodaeum confers a bilateral symmetry on the Anthozoan 
zooid, which is extended to other organs of the body. One may 
speak of a sulcar and a sulcular aspect of the body in cases in 
which two grooves are present, and of a sulcar and asulcar aspect 
in cases in which only one groove is present. These terms are 
preferable to the older terms “ventral” and “dorsal,” which 
cannot properly be applied to the Anthozoa, since they have 
nothing corresponding to the ventrum and dorsum of higher 
animals. It must be understood that, throughout this chapter, 
the sulcar surface corresponds to the ventral surface of other 
authors, the asulcar or sulcular surface to the dorsal. The terms 
sulcus and sulculus and the corresponding adjectives are due to 
Haddon (33). 

It is obvious from this description that the mouth of Hydra 
and its allies does not correspond morphologically with what is 
usually called the mouth, but rather with the inferior opening of 
the stomodaeum of the Anthozoan zooid; this being the region in 
both groups at which the ectoderm passes into the endoderm. 

20 
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The Anthozoan zooid is further characterised by the following 
anatomical features:—The coelenteron is not a simple cavity, as 
in the Hydroid zooid, but is divided by a number of radial folds 
of tissue into a corresponding number of radial chambers. These 
radial folds of tissue are calM mesenteries, or by German authors. 



Pio. II. 

1. -~8ectk>n through the ttomodaeiim of Adamtia nmddetii. Diagrammatic, ee, ectodena 
■howing elongate ciliated epithelial cella, two kinds of gland cells, and neinatocysts. Beneath 
the ectoderm is a layer of nerve fibrils, mg, mesogloea, containing fibrils and a few stellate 
cells; en, endoderm composed of columnar ciliated cells and containing two kinds of gland 
cells. 

2. —Ectoderm cells from the body wall of CorynactU vlridis, partly isolated. 

8.—A portion of epithelium from the tentacle of Arumonia sulcata, consisting of three 
sopporting cells and one sense cell. 

4.—A cnidoblaet with enclosed nematocyst from the tentacle of Anmania sulcata, 

6.—TWO ganglion cells from the ectoderm of the peristome of Ansmonia sulcata. 

6.->A]i epithelio-mnscnlar cell from the extended tentacle of Adamsia raiuklsHi. 9a, The 
same from a contimeted tentacle. St and 6c Bndodenn cells with symbiotic zooxanthellae from 
the tentmsle otAnsmoaia sulcata. 

7, 7a.-~>Two gland cells from the stomodaemn of Anmania sulcata, 7b. A Sagellate cell 
from the same species. 

8.~A gland cell from the stomodaenm of Ansmonia sulcata. ,(2 original; all the others 
alter O. and R. Hertwig.) 

sarcoMpts or simply septa. There is no objection to the nse’ of 
the term sarcoseptum, but the term septum must be avoided, 
because it denotes a distinct set of structures in one of the groups 
of the Anthozoa. In this chapter the term mesentery will always 
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be employed. The position and relations of the mesenteries in an 
ideal Anthozoan zooid may be understood by reference to Fig. I. 
1 and 2. Each mesentery is attached by its upper margin to 
the peristome, by its outer margin to the body wall, and by its 
lower margin to the basal disc. Typically it is attached by the 
upper part of its inner margin to the stomodaeum, but below 
the stomodaeum it ends in a free edge, on which is placed a 
thickening known as the mesenterial filament. A mesentery 
consists of a middle layer of mesogloea, covered on both faces with 
a layer of endoderm. The mesenterial filament is often ectodermic 
in origin. The gonads or reproductive organs are borne on the 
mesenteries, the germinal cells being derived from the endoderm. 
The Anthozoa, like all the other Coelenterates, are provided with 
special offensive weapons in the form of cnidae or nematocysts. 
The nematocysts of the Anthozoa are in many cases rendered 
complex by the presence of numerous spines on the whole length 
of the eversible thread. In the nematocyst of CmjmctiSy shown 
in Fig. I. 3, the spines are arranged in a double spiral. The 
nematocysts of the Alcyonaria^ on the other hand, are generally 
simple, small, and devoid of spines (Fig. IV. 8). 

The histology of the Anthozoa has been studied with some 
care in the case of particular groups, especially in the Actiniae by 
0. and R. Hertwig (40). In these forms the ectoderm consists of 
three not very clearly defined layers: {a) The epithelial layer; (6) 
the nervous layer; (c) the layer of muscular fibres. 

Four elements are distinguishable in the epithelial layer. The 
preponderating elements are the elongate, almost thread-like, 
ciliated cells, whose characters may be studied in Fig. II. 1, 2, 
and 3. 3 represents cells from the tentacle of Ammonia sulcata^ 

and it will be observed that each bears a tuft of fine and short 
cilia at its broader peripheral end. 2 represents partly isolated 
cells from the ectoderm of the body wall of Cmjncbctis viridis. 
In this case each attenuated cell bears a single fiagellum at 
its outer extremity. Similar cells are found on the mesenterial 
filaments of Sagartia parasitica and other forms. 

Amongst the ciliated epithelial cells are found sense cells, one 
of which is shown in Fig. II. 3. They occur chiefly on the 
peristome and the tentacles. Each sense cell bears a single stiff 
hair at its peripheral extremity, and internally ends in several 
very fine varicose fibrillae, which are continuous with the fibrils 
of the nerve layer. 

The third element of the ectoderm is the cnidoblast shown in 
Fig. II. 4. Each cnidoblast forms, as an entoplastic product, a 
single nematocyst. It is provided at its peripheral extremity 
wM a single stiff hair or cnidocil, and internally it ends in a 
fibre which branches to form numerous fibrillae like those of a 
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sense cell. The fourth elements of the epithelial layer are the 
gland cells, most abundant in the stomodaeum and on the mesen¬ 
terial filaments. They are of two kinds, as shown in Fig. IL 
7 and 8. 

The nervous layer of the ectoderm, shown in Fig. II. 1, con¬ 
sists of a plexus of extremely fine fibrillae, giving in transverse 
section a punctate appearance. In the depth of the fibrillar 
layer are found, most abundantly at the bases of the tentacles, 
bipolar and multipolar ganglion cells. These last lie directly on 
the muscular layer, and are figured in Fig. I. 5, and in Fig. II. 
5. The muscular layer lies directly on the mesogloea. It is 
composed of very long and fine fibres, each of which bears about 
the middle of its length a small mass of granular protoplasm, in 
the midst of which lies the nucleus. 

The endoderm consists chiefly of epithelio-muscular cells, such 
as are represented in Fig. II. 6. Each epithelio-muscular cell is 
somewhat quadrangular in form in the extended condition of the 
animal; its free extremity is somewhat rounded and bears a single 
long flagellum. Internally it rests upon a long and narrow 
muscular fibre, which runs at right angles to it. The epithelio- 
muscular cells of the endoderm contain yellow or green si)hcrical 
bodies which are symbiotic, unicellular algae, the so-called zooxan- 
thellae or zoochlorellae. In addition nervous and glandular ele¬ 
ments are found in the endoderm. 

The mesogloea of the Actinians consists of fine fibres imbedded 
in a homogeneous matrix. Between the fibres lie numerous 
small branched or spindle-shaped cells, the so-called connective 
tissue cells. In many Actinians muscular elements are imbedded 
in the mesogloea. 

The reader will be able to get a good general idea of the 
histological elements of the Anthozoa by studying Figs. I. and 
II. For further details he should refer to the work of O. and R. 
Hertwig (40). But it must be remembered that in the Anthozoa 
histological differentiation reaches its highest point in the 
Actinians. In the other groups the elements are simpler. 

The Anthozoa are divisible into two great sub-classes, sharply 
marked ofiT from one another by definite anatomical characters. 
These are the Alcyonaria, sometimes called the Octactinia, and 
the Zoantharia, sometimes called the Hexactinia. The last name 
should be avoided. 

Alcyonaria—First Sub-Class of the Anthozoa. • 

The Alcyonarian zooid is distinguished by the following 
characters;— 

There are always eight, and never more nor less than eight 
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tentacles, which are always hollow and pinnate, the cavities of 
the tentacles extending into the pinnae. 

There are eight mesen¬ 
teries, all of which are attached 
to the stomodaeum, and may 
therefore be called complete. 

There is but one longitudinal, 
ciliated groove in the stomo¬ 
daeum, which will be called 
the sulcus, though it is not 
certain whether the groove 
in the stomodaeum of the 
Alcyonarian is homologous 
with the sulcus of the Zoan- 
tharian zooid. The proba¬ 
bility is that it is homologous. 

The mesenteries are pro¬ 
vided with well-developed 
retractor muscles, supported 
on folds or plaits of the 
mesogloea, which look like 
branched processes in trans¬ 
verse section, and form the 
I o-called muscle banners. The 
arrangement of the muscle 
banners of the Alcyonaria is 
characteristic. T/ief/ are all 
sitmted on the mlcar aspects of the mesenteries (Fig. IV. 1). 

Each mesentery is provided with a mesenterial filament; but 
two mesenteries, namely, the asulcar pair, are longer than the rest, 
and have a different form of filament. It has been shown by E. 
B. Wilson (97) that the asulcar mesenterial filaments are derived 
from the ectoderm, the remainder from the endoderm. For the 
structure of the asulcar and other mesenterial filaments, see Fig. 
IV. 5 and 6. 

The only exceptions to this structure are found in the arrested 
or modified zooid s which occur in mtany of the colonial Alcyon¬ 
aria. In these the tentacles are stunted or suppressed, and the 
mesenteries are ill-developed, but the sulcus is unusually large, 
and is provided with specially long cilia. Such specialised zooids 
are distinguished as oiphonozooids, and their function is to drive 
currents of water through the complex canal systems of the colonies 
to which they belong (see Fig. XII. 4). 

Many forms of Alcyonaria have siphonozooids in addition to 
the ordinary zooids (sometimes called autozooids), and are there¬ 
fore dimorphic; but the character is of no systematic value, for 



1. — A typical Alcyonarian zooid showing the 
ci^lit pinnate U*nUcles, t ; the two lonj; asulcar 
incstMitcries, «i,l and the six shorter mesenteries, 
m-. (Original.) 

2. —Spicules of Alcyonium (tiyitatum. 
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we find dimorphism occurring in individual species of many 
families which in other respects are widely separated from one 
another. Only in one group, the Ponnatulacea, is dimorphism of 
constant occurrence. 

Much attention has been paid to the skeleton of the Alcyon- 



Fio. IV. 

1. —TransverHe section throiigU the Htoiiiodaeiiin of Fnniciilina muuimngnlarif, fc, sulcuii. 

2. —Trsnsverse section of tlie Maine spech^s below the level of tne stoiuotloeum. scm, sulear 
mesenteries; ascm. asulcar iiiesenteries. 

8.— Longitudinal section of a UnitAcle of Atcytmium digitatum, ec, octodenn with ectodermic 
nerre plexus ; mg, mesogloen ; rn, endodemi. 

4.~TranHverae section through a jiortion of a mesentery of Alcyoniim digitntum, showing 
tlM larfe retractor muscle fibres Dome on branched processes of the tnesogloea, and the delicate 
protractor muscles on the opposite face of the mesentery. 

ft.—'Transverse section tnrough one of the snlcar mesenterial Slaments of iiZcyoaCvm digi- 
UUtm, showing the gland cells, gc, and the flagellate cella, >b. 

6. —Transveme section through an asulcar fllaiiient of the same species, showing the open 
groove liner] by elongate ciliated ectoderm cella. 

7, 7rr, 7h, 7c, 7d.*-Myoepithelial cells fh)m the endoderm of Ak^ium digitatum, 

3. <-Two nematocysts of Alcyonivvi digitatim. (1 and 8 original; the rest after Hickson.) 


aria, but for taxonomic purposes it is of subordinate value. A 
calcareous skeleton is present in all, with the exception of Proto* 
caulon, Comularia, some species of Clavularia, and Monoxenia, 
and it is possible that spicules so minute as to have been over* 
looked are present in these forms. The calcareous skeleton 
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usually consists of spicules, which may be fusiform, club-shaped, 
cross-shaped, or discoid; th6y are seldom smooth, but generally 
covered with spines or warty projections. They are developed 
within ectodermal cells, and are therefore entoplastic products. 
Most commonly the spicule-forming cells pass out of the ectoderm 
and are imbedded in the mesogloea, but Bourne (9) has shown 
that in the genus Xenia the spicule-forming cells remain in the 
ectoderm; this is also the case in some members of the genus 
Clavularia. In one Alcyonarian {Heliopora coemlea) the calcareous 
skeleton is not spicular but lamellar, like that of Madreporai ian 
corals; it is formed by a special layer of cells called calicoblasts, 
derived from the ectoderm. 

An organic horny skeleton is frequently present, either in the 
form of an external horny investment (Cornularia), or of an in¬ 
ternal axis, as in Pennatula, Gorgonia, and others; or there may 
be a half horny half calcareous axis, as in Isis; or there may 
be an axis formed of calcareous spicules imbedded in horny sub¬ 
stance, as in many Pseudaxonia. 

The development of the Alcyonaria has been studied by Kowa- 
levsky and Marion (69), E. B. Wilson (96), and von Koch (61). 
The i jgmentation of the ovum is complete, and results in the 
formation of a solid morula. Wilson has shown that in Renilla 
the ovum divides at once into many, usually sixteen, blastomeres. 
As neither von Koch nor Kowalevsky and Marion found earlier 
stages of segmentation, this exceptional mode of division may 
possibly be the rule amongst the Alcyonaria. After repeated sub¬ 
division of the blastomeres of the sixteen cell stage, the solid 
mass of cells is divided into two layers—an external ectoderm and 
a central mass, the primitive endoderm. The coelenteron is formed 
by the dissolution and absorption of the central cells of the endo- 
dermic mass, the disintegrated cells being engulfed by and serving 
as nourishment for the more peripheral cells which become the 
definitive endoderm. There is no gastrula stage in Clavularia, 
Gorgonia, or Renilla, though Haeckel has described a gastrula in 
the case of Monoxenia. The embryo, at the time of the forma¬ 
tion of the coelenteron, becomes pear-shaped, the ectoderm cells 
become columnar and acquire cilia, and the larval stage known 
as a planula is reached. The planula escapes from the cavity of 
the parent zooid, in which the earlier stages of development have 
proceeded, and swims freely in the" water by means of its cilia. 
There is, as yet, no communication between the coelenteron and 
the exterior. After a free existence of shorter or longer dura¬ 
tion, the embryo fixes itself by one end of its elongate body, and 
a stomodaeum is formed at its opposite extremity by invagination 
of the ectoderm. At the bottom of the invagination a perforation 
places the coelenteron in communication with the exterior. The 
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mesenteries are formed as eight radial folds of the endoderm, 
which arise simultaneously at the oral end of the embryo at the 
time of the formation of the stomodaeal invagination. The tentacles 
are formed as eight outgrowths surrounding the mouth, simple at 
first, but soon acquiring lateral pinnules. The embryo is now a 
zooid, and after a period of growth it gives off solenia, and from 
these buds are produced, or in more differentiated colonies an 
axis and other structures characteristic of particular groups are 



Developmental phases of Gorgonia Cavciinii, after O. von Koch. 1. A mature ovum. 2-4 
Progressive stages of segmentation. 6. Section through a mature and an immature ovum in 
their follicles, en, endoderm; mg^ mesogloea. 0. Section of an embryo of the same stage as 4. 
7. Section of a later stage showinu the commencing disintegration of the central cells of the 
endoderm, and the columnar ectodenn. 8, 9, and 10. Planulae in different stages of contrac* 
tion. 11. A larva viewed from the oral surface to show the first traces of the mesenteries. 
12. The same viewed from the side. 18. Longitudinal section through a plaiiula of about the 
same stage as 8, showing the coelenteron, the endodenn, en, and the ectoderm, ec. 14. 
A young zooid with simple tentacles. 15. Vertical section of a free larva with stomodwal 
iti\'agination. 10. Vertical section of an older fixed larva showing stomodaeum, sf, opening 
into the coelenteron. 17. A young zooid with pinnate tentacles. 


developed in connection with it. The development of the meso¬ 
gloea has been most carefully studied in Renilla by Wilson (96). 
In an embryo of eight hours there is a delicate membrane lying 
between the ectoderm and endoderm, on which the ectoderm cells 
are planted, as on a basement membrane. This is the first sign 
of the mesogloea, but the bulk of it is formed at a later stage by 
deliquescence of the lower ends of the ectoderm cells and their 
conversion into a gelatinoid substance. Spicules are formed in 
rounded interstitial cells, which in the embryo occupy the deeper 
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parts of the ectoderm, but in most Alcyonaria subsequently become 
situated in the mesogloea. Fig. V. represents the principal de¬ 
velopmental phases of Gorgonia Cavolinii, as figured by von Koch. 

The sub-class Alcyonaria comprises many and highly diversified 
forms, yet, as has been seen, the anatomy of the zooids is re¬ 
markably constant throughout the group. The diversity of form 
is chiefly due to the manner in which the zooids are aggre¬ 
gated together to form colonies, and the mode of aggregation is 
due, in the first place, to the mode of asexual reproduction by 
budding. The form and nature of the skeleton and the mode of 
aggregation of the zooids are largely interdependent, and must be 
taken together as a basis of classification, the larger groups being 
defined chiefly by the mode of aggregation, and their subdivisions 
by the character of the skeleton. The difficulties of classification 
are, however, considerable. The characters on which reliance is 
placed are so inconstant, and shade so imperceptibly into one 
another, that it is in many cases impossible to say where one group 
ends and another begins. 

Nearly all the Alcyonaria are colonial, but a few solitary forms 
have been described, and these may conveniently be placed in a 
separate grade under the name of 
Protalcyonacea (Protalcyonaria, Hick¬ 
son), the colonial forms forming a 
second grade, Synalcyonacea. 

Grade A. Protalcyonacea. 

The Protalcyonacea are solitary 
Alcyonarian zooids, having the struc¬ 
tural features common to the in¬ 
dividual zooids of the sub-class. They 
do not form colonies by gemmation. 

The grade contains a single family, 
the Haimeidaey which contains three 
genera. 

Family Haimeidae, M. Edw. Hai- 
mea funebris, M. Edw. from the coast 
of Algeria. H. hyalim, Kor. and 
Daniellsen, from Norway. Hartea 
elegana, P. Wright (Fig. VI.), from the 
Irish coast. Monoxenia Darwinii, 

Haeckel, from the Red Sea. 

It may be doubted whether all 
or any of the Protalcyonacea cited 
above are adult forms; possibly they are the young forms of 
colonies. The reproductive cells are neither figured nor described 
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in Haimea and Hartea, Haeckel describes and figures the ovaries 
of Mimaxema^ but his account leaves much to be desired. 

Grade B. Synalcyonacea. 

The Synalcyonacea are all colonial. The colony originates 
from a mother zooid, which gives off hollow diverticula from its 
base or from its lateral walls. From these diverticula buds are 
formed, which grow into new zooids, and these again give off 
diverticula. In this manner colonies of complex character are 
formed. 

It is characteristic of the Synalcyonacea that buds are never 
formed directly from the mother zooid, nor yet from the daughter 
zooids; they are always formed on tubular outgrowths of the 
zooids, which have variously been named stolons, nutritive canals, 
endodermic canals, etc. The name stolon is the least cumbrous, 
but it has been applied not only to the canals but also to structures 
composed of many canals united together, and its connotation is so 
vague as to be misleading in the extreme. Throughout this 
chapter the canals, lined by endoderm, which are given off as 
diverticula from the coelentera of the zooids comprising a colony, 
will be described as soUnia^ from the Greek cr(i>X>)i/tov, a little pipe 
or conduit. The name stolon will be applied to the root-like 
outgrowths by which many Synalcyonacea are fixed to stones, 
corals, and other surfaces; and following Hickson, the name will 
be extended to the membranous expansions which are formed by 
the union of many flattened, root-like outgrowths. 

It must be borne in mind that the cavities of Alcyonarian 
zooids never communicate directly with one another, but always 
by means of solenia; these may be long, much branch^, 
anastomosing passages, or they may be so much reduced that the 
zooids seem at first sight to be in direct communication. Closer 
inspection, however, will always demonstrate the intervention of 
solenia. 

The simplest form of budding, giving rise to the simplest 
form of colony, is found in the genus Cornularia. In this genus 
we find (on the authority of von Koch [54]) that the mother zooid 
gives off from its base a simple, radiciform out^owth or stolon, 
which is composed of a single selenium. At a longer or shorter 
distance from the mother zooid, a daughter zooid is formed as a 
bud on the stolon. This gives off new stolons, and these branching 
and anastomosing with one another may form a network, adhering 
to stones, corals, Oorgonians, and other objects, from which zooids 
arise at intervals. 

A further differentiation is found in the genus Olavularia. The 
colony resembles Cornularia in form and in habit of growthi but 
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each stolon contains, not one, but several solenia, which branch 
and anastomose with one another. In many Clavulariae the stolons 
are flattened and band-like, and anastomose freely with one 
another so as to form a close meshwork; and this process of fusion 
and anastomosis being carried still further, the stolons form a close 
feltwork, which, like a membrane, adheres to the surface of 
attachment. In all these forms the stolons and the solenia which 
they contain are, with one exception, given off from the basal 
region only of the zooid, and the zooids appear to, and do in fact, 
stand upon the meshwork or feltwork of stolonic tubes. 

A further differentiation is established when, as in Sarcodictyon, 
the solenia are not conflned to the base, but are also given off from 
the lateral walls of the proximal extremity of the zooid. In such 
a case, fusion of the walls of adjacent solenia gives rise to a 
cushion-like thickening at the base of each zooid. 

In Sympodium the zooids are frequently crowded together to 
form dense tufts, and in such tufts (Pseudobushes of von Koch) 
the cushion-like thickenings surrounding the bases of the zooids 
become fused together so as to form a crust, in which numerous 
solenia ramify. The proximal portions of the cavities of the 
individual zooids extend through the thickness of the crust. 

By further differentiation along the same lines, the colonial 
forms characteristic of the Xeniidae and Alcyonidae are arrived at. 
In the Xeniidae the zooids are crowded together to form bundles; 
the surface of attachment is relatively small, and the fused proximal 
portions of the zooids assume the character 
of a stout stem, from the flat summit of 
which the distal portions of the zooids 
project. 

In the Xeniidae the zooids are not 
very intimately fused together in each 
bundle. Each zooid and each solenium is 
typically limited by three layers—endo- 
derm, mesogloea, and ectoderm—passing 
from within outwards. In Xenia the zooid 
bundles are formed chiefly by fusion of 
the ectoderm of adjacent zooids and their 
solenia, the mesogloeal lamina of each 
remaining distinct. In Heteroxenia the 
mesogloea takes a share in the fusion. In 
the Alcyonidae the fusion of the meso¬ 
gloeal layers is complete. The colonies 
form lobose, generally bluntly branching 
masses, from the whole surface of which 
the distal moieties of the zooids, when fully expanded, project. 
The fused mesogloea forms a thick mass, honeycombed by the 
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Bolenia, containing spicules and spicule-forming cells, and into 
this mass the proximal moieties of the zooid cavities extend. 
This line of differentiation culminates in the Nephthyidae. 

Starting again from the Cornulariidae, we get another line of 
differentiation, culminating in the Pseudaxonia. As in the first 
case a fusion of cushion-like thickenings at the bases of the zooids 
results in the formation of a stout, crustaceous coenenchyme. But 
the vertical growth of the colony, instead of being arrived at by 
elongation of the individual zooids and their aggregation into 
bundles, is effected by the upgrowth of the creeping coenenchy- 
matous expansion, which deserts the surface of attachment and 
expands in the water. In this condition one surface of the colony 
represents the attached surface of an encrusting form and is sterile, 
the other face bears the exsert distal moieties of the zooids. For 
mechanical reasons the colony does not retain its flattened form, 
but becomes rolled up like a paper spill; the sterile portion forms 
the interior of a hollow cylinder, and the fertile portion is external. 
By the excessive development of spicules on the internal (primi¬ 
tively attached) surface, the colony becomes differentiated into a 
softer cortical layer and a denser axial mass, both being penetrated 
by numerous solenia. The axial mass, hollow at first, becomes 
solidified in higher forms, and then it may either consist of closely 
interlocked but distinct spicules, imbedded in a mesogloeal matrix 
which is penetrated by solenia, as is the case in the Briareidae, or 
the axis may consist of closely interlocking spicules, imbedded in 
a mesogloeal matrix which is surrounded but not penetrated by 
solenia, as in the Sclerogorgidae, or the spicules may be fused 
together so as to form a dense calcareous axis which is not 
|)enetrated by solenia, as in the Corallidae. 

A third line of differentiation gives rise to the division 
Axifera. In this case the vertical extension of the colony is 
effected by the formation of a horny secretion between the 
primitively crustaceous colony and the surface of attachment. The 
horny secretion, growing rapidly in thickness by the superimposi¬ 
tion of new layers, raises the colony up in the water, and 
presently, by continual growth at the summit, the horny matter, 
which at first was basal, comes to form an axis, supporting the 
colony by which it is encrusted like a tree by its bark. The axis 
may branch in various ways, and may become partly calcified, and 
thus we get the various forms of the Dasygorgidae, Isidae, 
Primnoidae, and Gorgonidae. 

A fourth line of differentiation leads to the Pennatulidae. 
The starting-point from the Cornularian ancestor is probably to be 
found in the genera Telesto and Coelogorgia. In this case 
vertical extension is attained by the extreme elongation of a 
single zooid which, as it grows upwards, gives off solenia from 
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all parts of its lateral walls, with the exception of a short region 
immediately beneath the tentacles. These solenia ramify in a much 
thickened mesogloeal layer which is further strengthened by the 
development of calcareous spicules, and lateral buds, which appear 
to be direct offshoots from the elongated mother zooid, are formed 
from the solenia. Some of the daughter zooids may in turn become 
elongated and give rise to lateral buds, and so an arborescent 
colony is formed, as in Coelogorgia. In the Pennatulids the cavity 
of the mother zooid early becomes divided by a longitudinal 
partition into two halves, and an axis of peculiar wood-like texture 
is formed in the partition. The greatly enlarged and elongated 
body of the mother zooid serves as the stem of the colony. In the 
lowest Pennatulacea the daughter zooids are irregularly distributed 
over the stem, in the higher forms they become symmetrically dis¬ 
posed with regard to the stem, and tend to form rows, the members 
composing which are fused together to form leaflets or pinnae. 

A fifth line of differentiation is found in the Helioporidae. In 
these the solenia are not given off from the base, but ringwise at 
about the middle of the length of the zooid, and immediately 
beyond the zooid they anastomose so as to form a regular mesh- 
work. From the nodes of the meshwork vertical solenial down- 
growths are formed, and a dense calcareous lamellar skeleton is 
formed from the ectoderm clothing the whole. Heliopora, the 
single living representative of the family, is a peculiar and 
aberrant member of the Alcyonaria, and will be described in detail 
further on. 

The Synalcyonacea, according to the lines of divergence which 
have been sketched out above, may be divided into six orders 
whose relations may be expressed as follows:— 



Stolonifera, Hickson. 
Alcyonacea, Verrill —pro parte, 
Pseudaxonia, von Koch. 
Axifera, von Koch. 
Steleohotokea, Bourne. 
Coenothecalia, Bourne. 


We shall now proceed to review these several orders of the 
Synalcyonacea. 

Order 1. Stolonifera, Hickson. 

ClioraeUn —Colonial Alcyonaria with a root-like or membranous stolon. 
Zooids either entirely free from one another except at their bases, or con- 
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nected by horizontal solenia or by lateral stolons or platforms contain¬ 
ing solenia* Skeleton either homy or calcareous; when calcareous 
spicular. 

Family 1. Cornulariidas. The zooids are united only by their 
bases. Qenera—Cbniu2ana, Lamarck. Without spicules. The stolons are 
•ingle solenia. The proximal parts of the zooids and stolons protected by 
a homy sheath. Clavularia^ Quoy and Qaim., spicular calcareous skeleton 
present. Zooids free, borne on a membranous or retiform creeping stolon 
which includes many anastomosing solenia. [Clavularia viridis^ Quoy and 



I’lu. IX. 

Skoltitou of a young colony of Ttibipora pwr^ 
purea, growing on a piece of dead coral. 
Mtolon; cc, corallites; pp, platfonna. (After 
Flo. VII1. llicktion.) 

CUfi’uUfrin riri/lin, Quoy and Gaiin., var. 

8yringo|)oroidee, Kliowing the lateral connect¬ 
ing atoloiia. (After Hickaon.) 



Gaimard, occurs in two varieties. The one variety hir all the characters of 
the genus, but the second variety, described and figured by Hickson (44 and 
45X differs from all other members of the genus in that the zooids are 
connected at varying heights aoove the basal stolons by tubular con¬ 
necting stolons containing solenia, and consequently it bears a close 
resemblance to Syringopora (comp. Fig. VIII. with Fig. X. 7). The 
character in question, if of constant occurrence, would warrant the 
placing of (7. viridis in a new genus allied to the Syringoporidae and 
Tubiporidoe. As it is, the character must be regarded as accidental rather 
than e^ntial, but is of importance as indicating the affinities of the last- 
named families with the Cornulariidae.] Sarcodietpon, Forbes, like Clavu- 
laria^ but the zooids are wholly retractile within cusMon-like thickenings 
of their bases. Sympodiutn, Ehrb., the crustaceous stolon is thicken^ 
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locally, eo that the proximal portions of the zooid cavities are sunk in a 
coenenchyma. Family 2. Syrimgoporidae. Qenus— Syringopara^ Gold- 
fttss. This extinct genus resembles Clamlaria viridU; the cavities of the 
zooids are divided by cup-shaped transverse partitions called tabulae (Fig. X. 
7). Family 3. Tubiporidab. Qenus — Tubipora^ Linnaeus. The zooids 



Fio. X. 

1.—Diagram of the stnicture of a comllite of Ttthijiora jmrpiirtat showing the tabulae in Uie 
form of axial tubes, hp, horicoiital platfonns: t, solenia. 

3. ~-A similar diagram, showing complicated tabulae. 

8.—View of the inner surface of a corallite of T. tmrpurtn, showing the numerous lacunae, h 
in the walls of the corallite, and in the region of Uie node the larger perforations, H, through 
which solenia pass into the platfonns. 

4 . »Diagratn showing two tabulae broken across where one tabula (it) runs inside anotlier 
tobulaCit). 

5. —Diamm showing simple, flat, or cup-shaped tabulae. 

6. —Portion of the Mge of a growing tabula, showing how the coralluin is formed by the 
union of spicules. 

7. ->Poraon of a colony of J^pHnffopora rarnttfafa, showing the transverse connections between 
the corallites which correspond to the solenia in the platfonns of Tiibipora/ it, a tabula. 
(After Hickson.) 


are elongate, ranged side by side, and spring from a calcareous encrusting 
stolon. The proximal part of each zooid is stiffened to form a firm 
cidcareous calyx, the cordlite, into which the distal part can be retracted. 
The cavity of each corallite is divided by transverse, calcareous partitions 
of various form—tabulae. The individual zooids ore united tvith one 
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another by horizontal, calcareous lamellae or platforms, springing from 
the levels of the tabulae and penetrated by branching solenia. New 
zooids are formed by budding from the solenia of the platforms. 
Family 4. Favositidae. The colony is basaltiform, composed of 
numerous polygonal zooid tubes closely packed together. Tabulae 
present and the walls of adjacent zooid tubes communicate by solenia. 
Genera — Favosites, Lamarck; Syringolites^ Hinde; Stenopora, King. 
Family 5. Columnariidae. This family of extinct corals, comprising 





Fio. XI. 


\.—Fatfomte8 gothlamlica, a colony aliout one-hnlf natural Mze from the Upper Silurian. 

‘J. —A portion of the same colony inaj^nitled, showing the closely apposecl corallitea and the 
IMirforations, solenia, placed at regular intervals on their walls, alternating with one another. 

3.<-Portton of a longitudinal section of Fovositts aothlniuiicaf showing the tabulae, aolenia, 
and the minute lacunae in the walls of the comllitee. Magnified. 

AJll the figures origiiml. 


the genus Columnaria (Goldfuss), may provisionally be placed among the 
Autothecalia. See Bourne (9). 

The fossil forms of the Autothecalia were at one time placed along 
with the Helioporidae and some Madreporarian corals in a group Tabulata. 
Hickson (42) has clearly demonstrated the relations of Tubipora to 
Syringopora, Syringolites, and Bourne has shown that Favosites must be 
ranked with these forms rather than with the Helioporidae. There is a 
great resemblance between the extinct Syringopora and the living 
Clavulana viridiB^ and Hickson may be held to have established that 
Syringopora, Tubipora, and their alUes have been derived from a Cornu* 
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larian ancestor resembling C. viruiis. The structure of Tubipora and 
Favosites is shown in Figs. IX., X., and XI. 

Order 2. Alcyonacea, Verrill {pro parte). 

Characters —The colony consists of bunches of elongate, cylindrical 
zooids which, in their proximal portions, are connected together by 
numerous anastomosing solenia, and are compacted into a fleshy mass, 
the coenenchyma, by fusion of their own walls and those of the solenia. 



1.—A small colony of Alcjfonium, pcdmatum, l^llas, with expanded xooids. (Original.) 

t.—Vertical section through a smaU colony of Alcyonium digitatum, Linn., showing the 
elongated sooid cavities. (Oiiginal.) 

a—A colony of Sarcophytum vvlmo^ Bsper, showing the pileus, P, bearing xoolds, and the 
barren stem, sf. One-half natural size. (Original.) 

4.—Diwiminxiiatic vertical section through a portion of a colony of Sarcophytum pulmo, 
showing the retiscted autozooids, or, and the siphonozooids, «z, connected by a network of 
solenia. (After MoseleyX 


The coenenchyma thus forms a stem, sometimes branched, from the 
eorface of which the free portions of the zooids project 

Family 1. Xbriidab, Gray {pro parte). The zooids are not retractile. 
Spicules in the form of minute, feebly calcareous discs, often confined to 
the ectoderm. The colony consists of a stout, fleshy, sterile stem, some* 
times bearing short lobose branches, on the expanded upper surface of 
which the free moieties of the zooids are borne. Genera— Xenta, Savigny. 
Colony monomorphic. Heteroaoenia^ Kolliker. Colony dimorphic, bearing 
autozooids and siphmiozooida Family 2. Aloyonidab, Verrill. The 
colony a fleshy stocki sometimes simple and lobose, sometimes irregularly 
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branching, the extreme basal portion of the stock generally devoid of 
zooids and forming a stem. Zooids elongate, imbedded in coenenchyma 
up to the stomodsBol region, which is completely retractile within the 
lower portion. Spicules mesogloeal, of various form, commonly fusiform, 
and furnished with spines and warty projections. Genera—(a). Mono- 
morphic forms. Alcyonium^ Linnaeus; Paralcyonium, M. Edw.; Sarakka^ 
Danielssen. (/}). Dimorphic forms. Sarcophyton, Lesson ; Lohophytum^ 
Marenzeller ; Anthomcutus, Verrill; Nannodendroriy Danielssen. Family 
3. Nephthyidae. The zooids form upright colonies, consisting of a more 



Fio. XIII. 


1. —Claoulnria eoerulea, Ehrb. A Glavxilarian colony with a membranoua atolon. 

2. —ilmmo^Aea arborea, Forak. A member of the suD-fiunily Bpongodinae. 

8.—A group of zooids of the same, magnified. 

4.— Lemruaia nitida^ Verrill. A member of the 8 ab*fkmil 7 Siphonogorginae. 

.0.—A terminal branchlet of the same, magnified. 

^.-^HeUrcmnia elizaibfthxu, Kbll. A colony divided vertically to show the elongate cavities 
of the autozooids, oz, between the exsert portions of which are siphonozooids, at. 

or less sterile trunk, and variously ramified branches bearing terminal 
zooids or clusters of zooids. The tentacular region of the zooid is not 
retractile into the gastral region, but the tentacles^ when at rest^ are 
simply folded over the oral disc. The wide canals which run longi* 
tudinally in the stem and larger branches are continuations of 
cavities of the principal zooids of the clusters* There are two sub* 
families. 1. Sponqobivab. The partitions between tbe 8tem*eanals 
contain few or no spicules. Genera— Nephthya^ Savigny. The zooid 

heads beset with long and large, but not projecting spicules. SpongodUf 
Lesson* The zooid heads protected by projecting tufts of long spicules* 
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AmvMQ^ Savigny. The zooid heads soft, containing few and small 
or no spicules. Eunepthya, Verrill; Voeringia, Danielssen ; FvZla, 
Danielssen; Baraihrohius, Danielssen; Gersemia, Danielssen; Ger- 
semdoptiSf Danielssen ; Drifa, Danielssen; Duvay Kor. and Danielssen. 
2. SiPHONOGORQiNaE Abundant spicules present in the partition 
walls of the stem canals, giving stiffness and consistency to the colony. 
Genera— Siphonogorguiy Kdlliker ; Paranephthyay Wright and Studer. 
Seleronephthyay Wright and Studer; Chironepkthyay Wright and Studer ; 
Lemnaliay Gray. 


Order 3. Pseudaxonia, G. von Koch. 

CharcLcters —Synalcyonacea forming upright branched colonies. The 
zooid cavities short, the zooids imbedded in a coenenchyma containing 
ramifying solenia and numerous spicules. The coenenchyma differentiated 
into a cortical and a medullary portion, the latter containing spicules 
different from those of the cortex, densely crowded together and sometimes 
cemented together to form a supporting axis. 

Family 1. Briareidae. The medullary substance consists of closely 
packed but separate spicules. There are two sub-families. 1. Briaueixae. 
The medullary mass is penetrated by solenia. Genera— Holmocaulony 
Gray ; Leucoelhiy Gray ; Semperinay Kdlliker ; Suberiay Studer ; Anthothelay 
Verrill; Paragorgioy M. Edwards; Briarewniy Blainville. 2. Spongio- 
DERMINAE. The medullary mass is devoid of solenia. Genera— Spongio- 
demuiy Kdlliker ; Titanideumy Agassiz ; Ilidgorgiay Ridley. Family 2. 
ScLEROGORQiDAR. The medullary mass forms a distinct axis consisting of 
closely packed elongate spicules with dense horny sheaths. The axis 
does not contain solenia, but is surrounded by longitudinal canals, i,e. 
by large solenia which are connected with the zooid cavities by smaller 
ramifying solenia. Genera— Suherogorgiay Gray ; Keroeuksy Wright and 
Studer. Family 3. Melitodidae. The medullary mass forms a distinct 
axis, which exhibits alternate calcareous and horny segments. The former 
(internodes) consist of fused calcareous spicules surrounded by a trace of 
horny substance ; the latter (nodes) consist of horny substance containing 
few, separate, calcareous spicules. Genera—(a). The axis penetrated by 
solenia. Melitoday Verrill; Mopsellay Gray. (j3). The axis not penetrated 
by solenia. JVrighUllOy Gray ; ParisiSy Verrill. Family 4. Corallidae. 
The axis is a dense, calcareous mass formed by fusion of spicules. Genera 
—Ooralliumy Lamarck ; Pleurocoralliumy Gray. 

Oarallium ru&rum, the precious red coral of commerce, is found in the 
Mediterranean sea, chiefly on the coasts of Africa, but also in the neigh¬ 
bourhood of Sardinia and Corsica, and at some places on the littoral of 
Italy and Provence. It has, from time immemorial, been the object of an 
extensive fishery, on account of the value of its hard, red, calcareous axis, 
for the manuflBu^tttre of jewellery and ornaments. The colonies are found 
attached to rocks at depths varying from 16 to 120 fathoms. The fisher¬ 
men use a special form of tangle to procure it. From its beauty and 
importance as an article of commerce, the red coral has attracted tiie 
attention of zoologists from an early period. De Lacaze Duthiers (70) 
has written an exhaustive and beautifully illustrated memoir on this 




26 


THE ANTHOZOA 


species which the reader should consult for details of the anatomy and 
development. 

Although von Koch, some years since, demonstrated the essential 
difference between the Pseudaxonia and the Gorgonians or true Axifera, 
many subsequent authors, although they have accepted von Koch^s con¬ 
clusions, have persisted in bringing the two groups together in the order 
Gk>rgonacea. It is evident, from what has been said above, that the 
Pseudaxonia and the Axifera form two distinct lines of descent, diverging 
from a common Cornularia-like ancestor, and therefore they must be 
classed as two distinct branches of the order Synalcyonacea. The sole 
reason for uniting the two branches in one order is that the higher forms 
of the two show a remarkable superficial resemblance to one another, a 
resemblance which is the more remarkable from the parallelism of forms 
like Melitodes and Isis, both of which, though belonging to widely 
separate families, have an axial skeleton composed of alternate horny and 
calcareous segments. The resemblance, striking though it may be on 
superficial examination, disappears on closer comparison. 

But whilst there is ample justification for keeping the two groups 
apart, it is not suggested that the line of descent attributed to the Pseud¬ 
axonia is beyond criticism. Whilst it is quite possible, and may seem 
probable, that Leucoella and Solenocaulon are on the direct line of 
descent of the higher forms of the Pseudaxonia, there is nothing that 
can be urged against the view put forwaixl by Klunzinger (49) that 
the Briareidae are descended from forms like the Siphonogorginae, the 
medullary mass being formed by excessive development of spicules in the 
partitions separating the stem-canals. The majority of the Pseudaxonia 
are monomorphic, but dimorphism occurs sporadically in the genera 
Paragorgia and Corallium. 

Order 4. Axifera, von Koch. 

Characters —Synalcyonacea, forming colonies consisting of a coen^- 
chyinatous rind investing a horny or calcified axis. The axis may/be 
homy, or composed of a calcified, homy substance, or may consis* of 
alternate segments of calcified and homy substance; it never conmins 
Bolenia, and is never formed of fused spicules. The coenenchyme fcom- 
pletely invests the axis, and contains solenia ^ and calcareous spmules 
imbedded in the mesogloea. 

The Axifera (or Gorgonacea) have been the subject of an admirable 
memoir by G. von Koch (61), to which the reader should refer for 
morphological and embryological details. The characteristic feature of 
the group is the axb, which is horny, or consists of a homy b^is im¬ 
pregnated with salts-of-lime. It is surrounded by a definite epimclium, 
which is ectodermic, and is derived from the basal ectoderm of the 
mother zooid of the colony. The mother zooid secretes at itk base a 
homy plate, which lies between the basal ectoderm and the sfurface of 
attachment This is the primordium of the axia It rapidly! increoscib 
in thickness, and forms a short column, rounded at the upper eAd. This 
column projects upwards into the coelenteron of the mother zooid, 
carrying before it the three layers ectoderm, mesogloea, and endodemi. 
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It always lies eccentrically in the coelenteron, and becomes fused partly 
with the body wall, partly with the neighbouring mesenteries. Before 
the axis has reached the level of the stomodaeum, the surrounding parts 
of the primitive coelenteron become differentiated, and take on the char¬ 
acters of solenia, which, as growth proceeds, become more differentiated 
and distinct. At a later stage the distal moiety of the zooid is separated 
by a constriction from the moiety which surrounds the axis, and thus 
comes to look like an appendage of the stem. The first daughter zooid 
is formed as an outgrowth of a solenium on the side of the axis oi)posite 


1 . —A colony of Gorgonia Cavdini, von Koch. One-quarter natural nize. 

2. —Extremity of a branch of Gorgonia Cavdini^ showing xooids in various stages of con¬ 
traction. Magnified. 

8 .-~Optical section through the mother zooid of a colony of Gorgonia Cavdini^ showing the 
formation of the axis, A, as a secretion of the basal ectoderm. 

S.—Optical section through an older stage with two zooids. A, axis. 

All the figures after O. von Koch. 


to the zooid already formed, and successive zooids are formed in the same 
manner, alternately on either side of the axis. In the fully grown 
colony the cortex or coenenchyme consists of a thickened mesogloea, in 
which lie solenia, whose course is mainly longitudinal, t.e. parallel to 
the axis. In the smaller branches of some forms eight solenia are present, 
which probably represent the eight inter-mesenterial chambers of the 
primary zooid. In the main stem the number is usually greater. The 
solenia, both in stem and branches, anastomose freely with one another, 
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From this description it is clear that the relation of the zooid cavities to 
the axis is much more intimate in the Axifera than in the Pseudaxonio. 

Family 1. Dasyqorgidae. Colonies simple or branched. Axis 
horny and calcified. Zooids large, placed far apart, non-retractile^ infold¬ 
ing their tentacles over the oral disc when at rest. Spicules smooth, 
needle-like or fusiform. Qenera — Dasygorgia, Verrill; Chrysogorgiaf 
Duchassaing and Michelotti. Family 2. Isidae. The axis consists of 
alternate homy and calcareous segments, the calcareous matter being 
amorphous. There are three sub-families. 1. Ceratoisidinae. Spicules 
in the form of smooth needles. Qenera— Bathygorgia, P. Wright ; 
Ceratouis, P. Wright; Callisis^ Verrill; Acandlay Gray; IddeUoy Gray; 
Hclerisisy Studer. 2. Mopseinae. Spicules in the form of dentate scales. 
Genera— Mopseay Lamouroux; Primnoisisy Wright and Studer; Acan- 
thoisisy Wright and Studer. 3. Isidinae. Zooids retractile in a thick 
cocnenchyme; spicules stellate, warty. Genus — /m, Linnaeus. 
Family 3. Primnoidae. Axis homy, calcified. Zooids with a caly- 
cine moiety stiffened by calcareous scales. Tentacular moiety retractile 
within the calyx, the opening of which can be closed by an operculum 
of eight scales. Sub-Family — Callozostrinae. Genus— Callozoslrmy 
P. Wright. Sub-Family — Calyptrophorinae. Genus— Calyptrophoroy 
Gray. Sub-Family — Primnoinae. Qenera — Primnoay Lamouroux ; 
StachyodeSy Wright and Studer; Calypterinusy Wright and Studer ; Stenella, 
Gray ; Thouarelldy Gray; AmphilaphiSy Wright and Studer ; Plumarellay 
Gray ; Primnoellay Gray. Family 4. Muriceidae. Axis horny; zooids 
divided into three regions—a proximal calycine, a median retractile, and 
a tentacular non-retractile. Tentacles at rest infolded, provided at their 
bases with an armour of stout spicules, forming a false operculum. There 
are twenty-three genera of Muriceidae, the best known being Acanthogorgiay 
Gray ; Paramuricea, Kdlliker; Villogorgiay Duch. and Mich.; Bebrycey de 
Phillipi; Acts, Duch. and Mich.; Eumuriceay Verrill. Family 5. Plbx- 
auridae. Axis homy or homy and calcified ; zooids partially or wholly 
retractile, without opercula. Gknera— Emiiceay Lamouroux ; PUxauray 
Lain. ; Plexaurelloy Kdlliker; Psammogorguiy Verrill; EunicellOy Verrill; 
Phlygorgiay Studer. Family 6. Gorgonidae. Colonies erect, branched, 
usually in one plane. Zooids bilaterally or biradially disposed on stem 
and branches ; retractile. Spicules small, fusiform. Genera —Qwgmiay 
Linnaeus ; Etigorgiay Verrill; PlatycatUoSy Wright and Studer, Lophogorgia ; 
M. Edwanls ; Stenogorgiay Verrill ; Callistephanusy Wright and Studer; 
Swi/tia, ' Duch. and Mich.; Danielmniay Grieg ; Xiphtgargioy M, Edw. ; 
Hymenogorgiay Valenciennes; Phycogorgiay Val. 

Order 5. Stelechotokaa. 

Under this name are (here for the first time) included all those Synal- 
cyonacea in which a much elongated mother zooid forms the stem or axis 
of the colony, the daughter zooids being borne as lateral buds upon the stem. 
The colonies are erect, simple, or branched, or may be plumose. WhjBin 
they are branched, secondary zooids, developed as buds from the stem or 
mother zooid, form the axes of the branches, and tertiary zooids are 
budded off on each side of them. The secondary and tertiary zooids, though 
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they appear to be borne directly by the mother zooid, do not communicate 
directly with the cavity of the latter, but secondarily by means of solenia, 
which ramify in the greatly thickened mesogloea of the walls of the 
mother zooid The branch thus defined includes forms which have 
hitherto been classified with the Cornulariidae, and are, in truth, not 
easily separable from that family. But they exhibit, in their mode of 
budding and in the disposition of the secondary zooids around a central 
zooid, characters which mark them off distinctly from their nearest 




1. <~>Poition of a colony of Carijoa arbcrta^ Wright and Stiidcr. About one-third natural size. 

2. —Portion of atem of TeUsto arboira, Magnitied, ahowing the zooids. 

8 .—Extremity of branch of Caelogorgia. Magnitied, showing the zooids. 

4 . — Codogorg^ M. Edw. Portion of a colony about one-tliird natural size. 

5. —Spicules of Corlogorgia. 

(1 ana 2 after Wright and Studer; 8 to 6 original.) 

Oomularian allies, and they appear to lead on to the well-defined group 
of the Pennatulacea. 

Section 1. Asiphonacea. Characters —Colony erect, simple, or branch¬ 
ings consisting of an elongated, axial zooid with thickened walls containing 
solenia, from which secondary zooids are formed. Skeleton in the form 
of dentate discs or warty spindles ; a horny or calcified axis absent The 
cavity of the axial zooid is not divided by a partition. 

Family 1. Tslsstidas. From a membranous or ramifying stolon 
individual Clavularia-like zooids, the body walls of which contain solenia, 
ariae. Certain of these grow out to form long zooid tubes, or axial zooids, 
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and from their walls lateral zooids are given off. Genera —TelistOy 
Lamouroux. The colony is low and only slightly ramified. Spicules 
in the form of broad dentate discs or ramified and irregular. Car^oc^ 
F. Miiller. The colonies form tall ramified masses. The axial zooids 
large, lateral zooids minute. Spicules rod-like with few spines cemented 
together by a homy substance. [Telesto is usually placed among the 
Oornulariidae, which it resembles in many respects, in the ramifying or 
membranaceous stolon, and in the manner in which isolated zooids arise 
from the stolon. But it differs from them in the manner of budding 
from axial zooids. The same character removes it from the Stolonifera, 
as defined above, though the presence of a stolon suggests its inclusion in 
that group. It must in any case be regarded as a link between the 
Stolonifera, especially the Oornulariidae, and the next family.] Family 
2. CoELOGORGiDAE. The coloiiy arborescent, attached by stolon-like 
processes. The stem formed by an axial zooid, with thickened coenen- 
chymatous walls. Branches formed by axial zooids of the second order, 
and branchlets by axial zooids of the third order, borne either on two 
sides or in spirals by the main stem. Spicules straight or curved, 
bearing lateral processes. Genus— Coelogorgia^ M. Edwards. 

Section 2. Pennatulacea. Characters — ^The colony consists of more 
or less numerous lateral zooids borne by a much elongated axial zooid. 
The colony is free (except in Gondul), and the axial zooid forms a scapus 
or stem, w'hich is again subdivided into a proximal calamus or peduncle, 
sunk into the sand or mud and destitute of zooids, and a distal rachis 
which bears two kinds of zooids—autozooids and siphonozooida Thus 
the colonies are always dimorphic. Early in development the cavity of 
the axial zooid is divided into two by a longitudinal partition. The 
majority of the Pennatulacea have an axis which is composed of a 
calcified horny substance and is generally described as having a willowy 
texture. When it is present it runs along the middle of the septum 
dividing the cavity of the axial zooid, and two additional stem canals are 
formed as cavities in the septal tissue on either side of the axis, making 
four stem canals in alL The mesogloea of the stem is much thickened 
and is penetrated by numerous solenia which communicate on the one 
hand with the stem canals, on the other hand with the coelentera of 
the autozooids and siphonozooids borne on the rachis. The endodermic 
musculature is largely developed, especially in the stem where it forms, 
in the higher members of the group, an external longitudinal and an 
inner circular layer. 

The higher members of the Pennatulacea have a distinct bilateral 
symmetry, due to the zooids being borne like the barbs of a feather on 
two sides of the rachis only, leaving a sterile band on the two remaining 
sides. Hence four surfaces may be distinguished, named by Kdlliker 
the dorsal and ventral sterile surfaces, and the two lateral zooid-bearing 
surfaces. The names dorsal and ventral are in themselves objectionable, 
and Kdllikeris application of them was unfortunate, for Jungersen (48^ 
has shown that the so-called ventral side of the Pennatulid colony is, in 
fact, the asulcar, or as it is frequently called, the dorsal aspect of the 
terminal zooid. It is evident that the arbitrary use of the terms dorsal 
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and ventral leads to confusion, and to avoid ambiguity tbe following 
terms will be applied to the several regions into which the rachis of the 
bilaterally symmetrical Pennatulacea may be divided:—The face of the 
rachis which is sterile and coincides with the asulcar aspect of the 
terminal zooid, t.e. with the ventral surface of Kolliker, will be called 
the proraAiis. The opposite face, equivalent to Kolliker^s dorsal surface, 
is the metarachis. The two remaining faces, the lateral surfaces of 



Fio. XVI. 


1 . —VirgiUaria BromUyi, Kdll., fh>m the prorachidial aspect. 

2. -~KophdbeUmnon, Burgeri^ Herklots; metarachidial aspect. 

5. —StaehyptUtm Madearit K511.; metarachidial aspect. 

4,—‘UmMlvla Carpenterit Kdll.; metarachidial aspect. 

b.^Pennatvla phosphoreot Linn.; metarachidial aspect. 

6. —flection of the rachis of PenmUvla photphorta hearing a single pinna, a, axis; ineta- 
rachidial; c. prorachidial; dd. pararachidiA stem canals; sp, aiphonosooids; s, autocooids. 

7. —Rmiua reniformiSt Pallas. (1 to 4 after KOlliker, 6 to 7 original.) In all the figures. 
It, iMhis; P, peduncle; tp, siphonozooids; s, zooids. 

Kolliker, are the parofochides. Milnes Marshall (77) has idiown that the 
symmetry of the lateral, or as we may now call them, pararachidial zooids, 
bears a definite relation to the symmetry of the colony. The asulcar 
aspect of each zooid is turned towards the stem, and therefore may be 
called axial, the sulcar aspect is turned away from the stem and is 
therefore abaxial. When, as is the case in Pennatula and Pteroeides^ 
several elongated zooids are fused together side by side to form leaflets or 
pinnae, these are always situate on the pararachides and are inserted 
diagonfldly on those surfaces. Hence in each leaflet two surfaces may be 
distinguished—an axial, turned towards the rachis, and an abaxial, 
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turned away from it. There are also three edges in each pinna—a basal, 
attached to the rachis ; a lower, destitute of zooids ; and an upper, more 
or less convex, bearing zooids. The axis of the Pennatulacea, when 
present, is entirely enclosed within the tissues and is surrounded by an 
epithelium. There is not sufficient evidence to show from what layer 
this epithelium is derived, but the evidence, as far as it goes, point" to 
its being of endodermic origin. The development of Renilla has been 


Pio. XVII. 

1. ~A young colony of Pennatula phoffhorta 
seen (Tom the right side. P, the calyx of the 
mother zooid; the tirst siphonozooid; |4, the 
Srst lateral autozooid fonntKl as a bud from P ; 
pUf the third lateral autozooid. 

2. —A somewhat older colony seen from the 
asulcar aspect, zi, lateral siphonozooids 
formed at the bases of pi, the Urst and 
second lateral autozooids; p>*p7, successively 
formed lateral autozooids. 

8 .—Diagrammatic section through the ter¬ 
minal autozooid and siphonozooid of a young 
colony of Pennatula ptiosphorea. .S, sulcar inter* 
luosenterial chamber; As, asulcar chamber; if, 
stomodaeuni of siphonozooid. 

4. —A section of the same colony through 
the autozooid, in 2. S, sulcar chamber of ino 
axial zooid ; As, Mulcar chamber; the two are 
Ko|>arated by the transverse partition, in which 
two lateral canals (stem canal8)are being formed; 
pi, pii, lateral autozooids. 

5. —A section somewliat lower down. The 
axis X is being fonned in the partition between 
the two lateral chambers; Z, a siphonozooid. 
(All the figures after Jungerseii.) 


thoroughly studied by £. B. Wilson (96), whose memoir should be 
consulted by the reader; but Renilla has no axis, and Jungersen was 
unable to obtain stages of Penmtula phoq>horea young enough to throw 
light upon the question. The growth of the peduncular septum in 
Renilla has been fully described by Wilson, and the same mode of 
development apparently holds good for Pennatula. It aum as a double 
fold of endoderm containing a delicate lamina of mesoglbea at the basal 
end of a larva of forty hours. This fold grows rapidly upwards and 
becomes continuous with the asulcar mesenteries at the point where 
these unite, as they do in Renilla, with the asulco-lateral pair. Thus 
the coelenteron of the mother zooid is earjy divided into two cavities by, 
a transverse partition which separates the asulcar portion of the coelenteron 
from the sulcar portion containing the mesenteries. The lower or 
proximal portion of the mother zooid becomes, in course of growth, 
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enormously larger than the distal portion, and forms the peduncle and 
rachis of the colony, its cavity being divided by the septum into a 
prorachidial (asulcar or ventral of Kulliker) and a metarachidial (sulcar or 
dorsal of Kolliker) chamber. The distal portion of the mother zooid 
becomes at an early period nothing more than a relatively minute 
appendage upon the upper part of the stem which has been developed 
from it. At the base of the distal or calycine portion of the mother 
zooid, a bud, formed on the asulcar side, forms the first or terminal 
siphonozooid. The lateral zooids are formed as buds on either side of 
the terminal zooid, and as each is developed a siphonozooid is formed at 
its base. The pinnae are formed by the development of secondary buds 
at the bases of the primary pararachidial autozooids. In the course of 
growth the proximal portions of the rows of autozooids so formed become 
fused together, the distal ends remaining free and forming small calices, 
strengthened by a crown of eight points formed by spicules, and the 
tentacular portions of the zooids are retractile within the calices. 

The development of the Pennatulid colony and the formation of the 
peduncular septum will best be understood by a study of Fig. XVII. 
Tlie existing families of the Pennatulaceae appear to have diverged from 
an ancestral form resembling Protocauixm moUe, The lines of divergence 
may be briefly indicated as follows:—From an original form in which 
simple sessile autozooids, each with a siphonozooid at its base, were 
borne on either side of an axial zooid, differentiated into peduncle and 
rachis. (1) The autozooids have become more numerous, have encroached 
on the whole surface of the rachis, and the siphonozooids, multiplying in 
number, have filled up the spaces between the autozooids. Such a 
condition is found in the Yeretillidae, in which a bilateral symmetry is 
replaced by a radial symmetry, (2) The autozooids, whilst increasing in 
number, are confined to two opposite aspects of the rachis, and there 
form, at first indistinct, afterwards distinct rows. The siphonozooids 
also increase in number, and lying between the bases of the autozooids, 
occupy the remainder of the pararachidial surfaces. From this condition, 
realised in the Funiculinidae, diffei'entiation proceeds in two directions, 
(a) The autozooids are confined to the upper part of the rachis, and 
are finally grouped in an umbel at its summit, the remainder of the 
rachis bearing siphonozooids only on the pararachides, e,g. the Umbell- 
ulidae. (/8) The autozooids are disposed in oblique rows on the 
pararachides, and their proximal portions are fused so as to form leaf-like 
appendages of the rachis or pinnulea In the family Virgularidae the 
autozooids are short and the pinnules are small and inconspicuous, in the 
Pennatulidae the autozooids are much elongated and form conspicuous 
pjnnules. The family Gkindulidae is derived from the Pennatulidae by 
supjpression of the peduncle, the colony, consisting of rachis and pinnules, 
being fixed by the proximal end of the rachis. The family Renillidae 
appears to have branched off. from the Umbellulid stem; the peduncle is 
short, the rachis is much expanded and forms a kidney-shaped expansion, 
bearing on its upper surface numerous irregularly distributed autozooids, 
amongst which are situated groups of siphonozooids. The following 
classification of the Pennatulacea is founded on KbllikeFs work, but is 
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modified to exhibit the relations sketched out above, and to harmonise 
with the grouping of the other branches of the Alcyonaria :— 

Sub-Section A. Rachis without pinnules, autozooids sessile, disposed 
on both sides of the rachis in single series or in indistinct rows. 

Family 1. Protocaulidae. Autozooids sessile, without caliccs,dispo^a 
alternately on each side of the rachis in a single row. Spicules absrat. 
Qenus —Protocaulony Kiilliker. Family 2. Protoptilidae. Autozooids 
sessile, with calices, disposed alternately on each side of the racing in 
a single row. A single siphonozooid at the base of each autozooid. 
Spicuh • present Genera— Protoptilum, Kolliker; Lygomwphaj Korcn 
and Danielssen ; MicroptUumf Koll.; Leptoptiliim^ Kdll. ; Trichoptiluvij 
Koll. ; SderoptUum^ Kdll. Family 3. Kophobelemnonidae. Rachia 
longer than peduncle, cylindrical, bearing on the pararachideg retractile 
autozooids in indistinct rows. Siphonozooids numerous. Spicules present 
Gknera— KoplioheUmnon^ Absjdmsen; Sclerohelem7im^ Kdll. ; Bathyptilum^ 
Kdll. Family 4. Umbellulidae. Rachis short, bearing autozooids at 
its distal end only, where they are frequently grouped into an umbel. 
Siphonozooids scattered over the pararachides. Genus— U7nhellnla, Lam. 

Sub-Section R Rachis without pinnules. Autozooids sessile, borne 
on the pararachides in distinct rows. 

Family 5. Anthoptilidae. The autozooids without calices. Genus 
—Anthoptilumy Kdll. Family 6. Funiculinidae. The autozooids have 
calices. Sub-Family—Funiculininae, with prorachidial siphonozooids. 
Genera —FuniaUinay Lam.; HalipteriSy Kdll. Sub-Family—Stachy- 
PTlLiDAE, without prorachidial siphonozooids. Genus —StachyptUumy Kdll. 

Sub-Section C. Rachis with pinnules formed by fused rows of 
autozooids borne on the pararachides. 

Family 7. Virgularidae. Pinnules small. Sub-Family — Vir- 
GULARiN AE. Pinnules without a calcareous plate. Genera — Virgularuiy 
Lam.; Scytaliumy Herklots; Pavonariay Kdll. Sub-Family — Stylatu- 
LINAE. Pinnules with a calcareous plate. Genera— Stylatulay Verrill; 
Duhentay Kor. and Dans.; AcanihoptUumy Kdll. Family 8. Pennatulidae. 
Pinnules large. Sub-Family — Pennatulinae. Siphonozooids on prorachis, 
metarachis, and pararachides, but not on pinnules. Genera— Pennatula. 
Lam.; Lmptilumy Verrill; PtilosarcuSy Gray; Halisceptrumy Herklots. 
Sub-Family — Pteroeididas. Siphonozooids on the pinnules. Genera— 
Pteroeidesy Herklots ; Godefroyia, Kdll; Sarcophyllvmy Kdll. Family 9. 
Qondulidae. Peduncle absent; colony attached by proximal end of 
rachis. Genus —Gdndvly Kor. and Dan. 

Sub-Section D. Autozooids sessile, disposed over the whole surface 
of the rachis, which therefore has no pro-, meta-, and pararachides, and 
the symmetry of the colony is radial 

Family 10. Veretillidae. Sub-Family—Cavernularinae. Spicules 
elongate. Genera— (kmmularia, Valenciennes; StylohelemnoHy Kdll. 
Sub-Family—Lituarinae. Spic^es short. Genera— Lituanay Val.; 
VerdiUnm, Cuvier; PolieeUa, Gray; Clavellay Gray. 

Sub-Section £. The rachis forms a broad reniform expansion bearing 
autozooids and siphonozooids on its surface. Axis absent. 

Family 11. Renillidae. Genus —ReniUoy Lam. 
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Order 6. Coenotliecalia. 

Characters —Synalcyonacea with a calcareous skeleton composed of 
lamellae of calcite forming a dense corallum resembling that of the 



Fu;. XVIII. 

1. -—Surface view of a portion of a fully grown colony of Hdiopcra eoerulea, Pall., showing 
two calices with tliKir iMeudoseiita; the openings of the coenenchymal tubules, the superficial 
echinulations, and tlie shallow canals between them in which the superficial network of solenia 
lies in the living condition. 

2. — A single sooirl with the adjacent soft tissues of Heliopora coeruUaf as seen after removal 
of the skeleton by decalcification; semidiagraminatic. Zi, the distal retractile moiety of the 
zooid, bearing eight pinnate tentacles; the proximal calicular moiety of the same; ec, the 
continuous sheet of ectodenii which clothes the surfhce of the colony; 8p, the superficial 
network of solenia lying directly beneath the ectoderm; ct, coenenchymal tubules. 

8 .—Diugiafn illustnitiiig the inode of growth and architecture of a colony of Heliopora. Zl, 
calyx of mother zooid ; etc., calices of daughter zooids successively romied amongst the 

coenenchymal tubules; tabulae. 

4.—Surface view of a tangential section through the surfhce of a colony of Heliditea porosns, 
OoldfliSH, showing three calices, each with twelve pseudoeepta imbedded in a coeneiichyme con* 
slating of numerous vertical coenenchymal tubules (solenia) of approximately hexagonal shape. 

6 .—Diagram illustrating the essential structure of the corallum in Heliopora and HelitlxU*. 
Ct. coenenchymal tubules, the walls of each of which are composed of twelve separate laminae, 
which take ii share in the composition of the walls of six adjacent tubules. In the centre of the 
figure a calicular cavity is indicated formed by the arrest, complete or partial, of a group of 
nineteen coeiieucliymal tubules numbered i-xix. The outlines of the arrested tubules ars 
indicated by dotted lines. 

imperforate Madreporaria, and developed from a specialiaed layer of ecto¬ 
derm cells (calicoblasts). The corallum exhibits a number of larger 
calices, provided with a variable number of radial pseudosepta, sunk in a 
coencnchyme composed of numerous closely set vertical tubules, with 
calcareous walls, which are disposed vertically to the surface of the 
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coralltim. Both calicos and coenenchymal tubules are closed below by 
transverse calcareous partitions or tabulae. The walls of the calices and 
coenenchymal tubules are not separate and independent, but the calcareous 
lamellae forming the walls of one tubule enter into the composition of 
the walls of adjacent tubules, and the calyx walls and the pseudc^pta are 
formed by the walls of adjacent coenenchymal tubules. The colony consists 
of zooids and solcnia. The zooids exhibit a proximal moiety imbedded in the 
calyx and a distal moiety which can be invaginated within the calicine 
|iortion. Solenia are given off radially from the level where these two 
regions pass into one another, and anastomose with one another to form a 
more or less regular superficial network, which covers the surface of the 
corallum. From the nodes of the network blind solenial downgrowths pro¬ 
ject vertically into the coenenchyme,each occupying a coenenchymal tubule. 

The Coenothecalia are represented by a single living genus Heliopora, 
but the group was more largely represented in Palaeozoic times. Helio- 
lites from the Silurian and Devonian is closely allied to Heliopora. The 
presence of septiform radial lamellae in the calycles was long regarded as 
a reason for placing Heliopora and Heliolites among the Zoantharia, but 
Moseley (80) demonstrated the typical Alcyonarian structure of the 
zooids of Heliopora, and subsequent investigations have shown that this 
genus, with others which have a similar structure of corallum, must be 
placed in a separate branch of the Alcyonaria. For details of the 
anatomy of Heliopora the reader is referred to Moseley^s memoir, and to 
Bourne (9). 

Fig. XVIII. 2 shows the relations of the soft parts of the Helioporid 
colony, and 6 shows how the walls of each coenenchymal tubule are 
formed of twelve pieces common to that and the six adjacent tubules, the 
calyx being formed by the arrest in growth of a group of seven central 
tubules and the partial arrest of twelve peripheral tubules, the walls 
of which give rise to the pseudosepta. The most remarkable features in 
Heliopora, in addition to the laminar calcareous corallum, are the limita¬ 
tion Ok the solenial outgrowths to the middle region of the zooid, and the 
formation of vertical tubular down-growths from the solenial meshwork, 
forming the so-called coenenchymal tubules. These were originally con¬ 
sidered to be extremely degenerate siphonozooids, but they have no traces 
of zooidal structure, and must rather be considered to be a specialised part 
of the solenial system, associated with the peculiar form of the corallum. 

Family 1. Helioporidae. Colonies forming broad, upright, lobed, 
or digitate masses flattened from side to side, of a blue colour. Calices 
with (usually) fifteen pseudosepta. The coenenchymal tubules do not 
branch, but new tubules are intercalated between those previously 
existing. Genus— Heliopora^ Pallas. From tropical seas in shallow 
water. Family 2. Heliolitidae. Colonies forming spheroidal masses, 
rarely lobate. Calices with twelve pseudosepta. Coenenchymal tubules 
more or less regularly hexagonal. Coenenchymal tubes branch dicho- 
tomously. Genera— HeUoliUs^DBXkeL From the Lower and Upper Silurian,. 
and the Devonian. PUumopora^ M. £dw. and Haime. Silurian. Propora^ 
M. £dw. and Haime. Upper Silurian. Lydlia^ Edw. and Haime. Upper 
Silurian. Family 3. Thbcidae. Colonies forming laminar expansions. 
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Calices with few, not more than nine, irregular pseudoeepta. Coenenchymal 
tubules small, numerous, polygonal Qenus— Theda, M. Edw. and Haime. 
From the Wenlock limestone. Family 4. Ohaetettdas. Corallum 
massive, consisting of long, prismatic, closely contiguous corallites, with 
common walls. No coenenchymal tubules. Qenus— Chaetetes, Fischer. 
From the Carboniferous. The family Monticuliporidae may provisionally 
be placed here. For a full account of the fossil so-called tabulate 
corals the readet should consult Nicholson^s works (83 and 84). 

ZOANTHARIA—SECOND SuB-ClASS OF THE AnTHOZOA. 

The Zoantharian zooid is distinguished from the Alcyonariaii 
zooid by the following characters :— 

The tentacles are usually simple, more rarely compound or 
foliaceous, either only six or tnore than eight in number, and 
never provided with lateral pinnules. As a rule each tentacle, 
which is always hollow, is placed over an intermesenterial space. 
The mesenteries vary very much in number, and in the disposition 
of their longitudinal retractor muscles, but these never have the 
arrangement characteristic of the Alcyonaria. Each mesentery is 
provided with a mesenterial filament, commonly of a trefoil shape 
in section, the median lobe richly provided with gland cells and 
nematocysts, the two lateral lobes without these structures, but 
richly ciliated. The median lobe is derived from the ectoderm, 
the lateral lobes from the endoderm. There are commonly two 
ciliated grooves in the stomodaeum, named respectively the sulcus 
and sulculus; wVen one only is present it is named the sulcus. 
The musculature is highly developed, especially on the mesenteries, 
and the histological differentiation of the tissues is greater than in 
the Alcyonaria. A skeleton may be absent or present; when 
present it is calcareous or horny, but is never in the form of 
spicules, as in the Alcyonaria, and is always developed on the 
surface of a special layer of ectoderm cells, which never wander 
into the mesogloea. 

The Zoantharia may be simple or colonial; among colonial 
forms dimorphism is of uncommon occurrence. 

It has been shown that in the sub-class Alcyonaria the anatomy 
of the zooids, the individual members of which the colonies are 
composed, is remarkably constant, and therefore the modes of 
budding, and the architecture of the colonies resulting from those 
different modes were selected as the primary characters of taxo¬ 
nomic value. It has been possible to show, with greater or less 
certainty, that the highly differentiated and complex members of 
the higher groups mAy be derived from a common Cornularia-like 
ancestor, and the existence of a number of intermediate forms has 
made it possible, in the case of nearly every group, to trace the 
probable lines of divergence from the parent stock. In the 
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Zoantharia the case is very different. The zooids present great 
diversities of anatomical structure, even whilst their external 
features show strong superficial resemblance to one another. We 
have to deal with a heterogeneous instead of a homogeneous 
assemblage of organisms; and in spite of the labours of many 
excellent investigators, we are still unprovided with a clue which 
shall enable us to trace out the lines of descent of the principal 
groups into which the sub-class must be divided. The difficulties 
of classification are consequently great, and the arrangement here 
adopted must be regard^ as wholly provisional, though pains 
have been taken to make it as fully as possible representative of 
the actual state of our knowledge. 

The type form of the Zoantharia is the ordinary sea-anemone, 
of which Actinia equina^ Linn. (= ^. mesemhryanth^um^ Ellis and 
Sol.), the common red anemone of our English coasts, is an excellent 
example. 

In a common Actinia the zooid is solitary and does not produce^ 
colonies by asexual generation. The animal has the form of a 
hollow cylinder, one end of which, the base, is fixed to a rock or 
to some other surface of attachment; at the opposite end is the 
mouth, surrounded by tentacles, which are arranged in several 
circles. The following regions are easily distinguished:—^The 
peristome, or space between the mouth and the bases of the 
tentacles, the column or body wall, and the basal disc. The 
mouth is situated in the centre of the peristome. It is elongate 
and slit-like, and surrounded by somewhat tumid lips. In the 
living animal the middle portion of the slit is commonly kept 
closed by apposition of the lips, the two ends being open. The 
tentacles are situated on the periphery and margin of the peri¬ 
stome ; they are simple, digitiform outgrowths of the peristome, 
retractile, hollow, their cavities communicating below with the 
intermesenterial spaces of the coelenteron. Each has a small 
aperture at its extremity. They are numerous; as many as 192 
in adult specimens, subequal in size, arranged in four cycles of 6, 6, 
12, 24, 48, 96. They bear a definite relation to the number of 
mesenteries (see Fig. XIX. 1). The margin of the peristome is 
studded with several, usually twenty-four, coloured vesicles, which 
are batteries of nematocysts. 

The mouth opens into a tolerably long stomodaeum whichr 
like the mouth itself, is fiattened from side to side. At each end 
of the stomodaeum is a longitudinal groove, lined by specialised 
ectoderm cells bearing long cilia. One of these grooves is termed 
the sulcus, the other the s^culus, but they do not differ in size pr 
structure, nor is there any means of determining how the names 
shall be applied to the two hooves in any individual specimen. 
The mesenteries are numerous, corresponding in number to the 
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tentacles. They are arranged in couples,^ the members of each 
couple being recognisable by the arrangement of their longitudinal 
retractor muscles. These are attached to plaited folds of the 
mesogloea and form the so-called muscle banners. They are so 
disposed that the muscle banners of each mesenterial couple are 
vis ^ vis, with the exception of two mesenterial couples situated 
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1. —DiBgraminatic longitudinal section through an Actinian, Actinauffe Bichardi, to show the 
general anatomy of the zooid. htr, body wall; st, stomodaeum: s, sulcus; p, peristome; mm, 
mesenteries; m/, mesenterial fllainent. (After Hsuldon.) 

2. —A mesentery of Tealia crassiatmis. t, tentacles; g, gonads; r, Rdtteken’s or circular 
muscle; si, internal; and se, external stomata; mf, mesenterial filament; Im, longitudinal 
retractor muscle; pbm, parieto-basilar muscle. (After O. and R. Hertwig.) 

S.—Transverse section between two couples of primary mesenteries of Adamsia Ronddletii. 
1 , 2,8,4, and 5, primary, secondary, tertiary, quaternary, and quinary mesenteries. Im, muscle 
banners; g, gonads. (After O. and R. Uertwig.) 

4.‘~Tran8veMo section through the stoiiiodieal region of Adamsia diaphanti, s, sulcus; si, 
Bulculus; dd, the two couples of directive mesenteries. (After O. and R. Hertwig.) 

through mesenterial tilaincnt of Actinia equina, enl, cnido-glandular lobe ; eil, 
ciliat^ lo^s. The animal had been fed with powdered carmine, the particles of which have 
been inges^ by the cells lying between the cnido-glandular and ciliated lobra, and are repre¬ 
sented by the black masses. (Original.) 

at the two ends of the long axis of the stomodaeum. In these, 
which are called the directive mesenterial couples, the muscle 
banners are turned away from one another. 

Mesenteries are complete or incomplete. A complete mesentery 
is attached by the upper part of its inner margin to the stomodaeum, 
an incomplete mesentery is not. The free edge of each mesentery 

^ It is convenient when speaking of the adult arrangement of the mesenteries to 
use the word “ couple,” when of their developmental sequence to use the word “pair.” 

22 
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is thickened to form a mesenterial filament; in complete mesenteries 
the filament commences at the stomodaeum, and ends at a short 
distance from the insertion of the mesentery on the basal disc; in 
incomplete mesenteries the filamc.it commences some little way 
below the insertion of the mesentery on the peristome, and ends 
below in a similar manner. In the upper and lower parts of their 
courses the mesenterial filaments are straight, but their middle 
portions are thrown into a number of coils, the mesentery itself 
being plaited in a corresponding manner. The structure and 
histology of a filament differs in different parte of its course. In 
the upper part of its length the filament is trefoil-shaped in section 
and has the structure shown in Fig. XIX. 5. The central lobe is 
the cnido-glandular tract (NesseldrUsenstreif of German authors), 
the lateral lobes are the ciliated tracts {Flimmerstreifen). In the 
middle of the filament the cnido-glandular lobe disappears, the two 
ciliated.tracts remaining; and in the lower portion of the filament 
the ciliated tracts disappear, the median cnido-glandular lobe re¬ 
appearing and forming the whole of the filament. Acontia are 
filamentous offsets from the lower edge of the mesentery, having 
the same general histological structure as mesenterial filaments. 
They are characteristic of the family Sagartidae. 

The gonads are borne on the mesenteries, forming band-like 
thickenings on that part of each mesentery which lies internal to the 
longitudinal retractor muscles and below the level of the stomodaeum. 
Actinia equina is dioecious, as are many other Actinians, but some 
members of the group appear to be monoecious. 

The radial chambers into which the coelenteion is divided by 
the mesenteries communicate with one another, not only by way 
of the axial space into which they all open, but also by perforations 
in the mesenteries themselves; these are mesenterial stomata. In 
Actinia the stomata are found in the uppermost inner angles of 
the complete mesenteries, close beneath the mouth, and are 
probably the result of incomplete union of the mesentery with 
the stomodaeum. They are known as internal stomata. 

In some other Actinilie, e.g, Tealia erassicomis and Actinoloba 
dianihuSf external stomata are present. These are circular openings 
situated in the upper third of each mesentery, nearer to the body 
wall than to the peristome, but separated by a space from both. 
Those genera which have external stomata also possess a strong 
circular muscle band which runs right round the body just beneath 
and outside of the outermost circlet of tentacles. This muscle 
band, consisting of an axis of mesogloea thrown into folds along 
which muscle fibres are arranged, projects into the coelenteion^^ 
and is attached to the body wall by a thin sheet of tissue. It is" 
known as Rotteken’s muscle. 

In Actinia the coelenteron communicates with the exterior by 
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the mouth, and by the pores at the tips of the tentacles. In the 
family Sagartidae there are in addition perforations in the lower 
third of the body wall called cinclides through which the acontia 
are protruded. In 5. parasUka each cinclis is placed on the summit 
of one of the warty tubercles scattered over that region of the 
body. The histology of the Actiniae has been studied with great 
care by 0. and R. Hertwig (40), to whose work the reader should 
refer for details. The general features of the histology have 
already been given on p. 9. The general anatomical features of 
an Actinian zooid may be studied in Fig. XIX. 1. 2 shows the 

structure of a mesentery and the arrangement of its musculature. 
3 and 4 show the order and relations of the mesenteries. 

The mesenteries are the most important organs of the 
Zoantharian zooid, and it is of great importance that their arrange¬ 
ment and order of succession should be thoroughly understood, 
since they afford the only characters which have hitherto been 
found to be of definite taxonomic value. The arrangement of the 
mesenteries in a typical Actinian is shown in Fig. XIX. 4. As 
has already been stated, they are arranged in couples, the muscle 
banners of each couple are turned towards one another, except in 
the two couples of directive mesenteries {ihl) whose muscle banners 
face outwards. The following points must be noted over and 
above the situation of the longitudinal muscles and the position 
of the directive mesenteries:— 

(a) The mesenteries are arranged in cycles : six couples in the 
first cycle, six couples in the second, twelve couples in the third, 
twenty-four in the fourth, and so on. Mesenteries of the same 
cycle are of the same size and (with the exceptions mentioned 
hereafter) were formed at the same time. The mesenteries first 
formed, the primaries, are as a rule the largest; the secondaries 
are next in size; the tertiaries smaller than the secondaries, and 
so forth. The two couples of directive mesenteries belong to the 
first cycle. 

(i) Any two mesenteries forming a couple belong to the same 
cycle, and are therefore of the same size. The two mesenteries 
forming a couple are separated by a narrow space, an entocoele ; the 
two mesenteries of adjacent couples are separated by a wider space, 
an exocoele. 

(c) With the exception of the directives the longitudinal 
muscles of the mesenteries are always entocoelic, the transverse 
muscles exocoelic. 

(d) New couples of mesenteries always take their origin in the 
exocoeles, never in the entoooeles. 

It is common to find six couples of primary mesenteries in the 
Zoantharia. So commonly does this number occur that at one 
time the Zoantharia were named the Hexactiniae, in opposition to 
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the Alcyonarians, called the Octactiniae. It is now known that 
the number six is not nearly so constant as was formerly supposed, 
and that where it does occur, the mesenteries of the first cycle are 
not developed simultaneously nor in the couples which are eventually 
established. In fact, the six-rayed symmetry which was supposed 
to be so characteristic of the Zoantharia is not a primary but a 
secondary feature. The development of the mesenteries in a six- 
rayed Actinian may be said to proceed in two stages. Firstly, the 
six couples of primary mesenteries are formed, not simultaneously, as 
are the eight mesenteries of Alcyonarians, but irregularly, one after 
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1. ~>Diamni showing the developmental sequence of the mesenteries in Actinia equina, 
Sagartia hdlis, and Anodes gemmaceus. 

2. —Shows the sequence of mesenterial development in Bhodactis, Halcampa, and Maniclna, 

8.—Shows the sequence of mesenterial development in Aiptasia diaphana. 

In all the figures the numerals i, ii, iii, etc.^denote the order in which the mesenteries make 
their appearance. The eight mesenteries first formed, the so>called " Edwardsian ” mesenteries, 
are drawn in thick lines, those formed subsequently in thin lines, s, sulcus; si, sulculns. 

the other. This first cycle being once established, the mesenterial 
couples of each succeeding cycle are formed synchronously, in a 
regular manner, in the exocoeles of the cycles previously existing. 

The first cycle of six couples is formed differently in different 
genera. In Actinia equina^ Sagartia belliSy and Bvmdes gtmmaceuB^ 
the order of succession is as follows:— 

At the period when the stomodaeum is established, and the 
mouth has taken on an elongate shape two mesenteries are forme4> 
marked i, i, in the diagram (Fig. XX. 1). They divide the 
coelenteron into a larger sulcular and a smaller sulcar chamber. 
It will be seen that these mesenteries originate in the neighbour- 
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hood of one of the stomodseal grooves, the sulcus, and are placed 
right and left of it. The second pair of mesenteries (ii, ii) arises 
in the larger sulcular chamber, right and left of the sulcular 
groove. It appears to become the sulcular directive couple of the 
adult. The third pair of mesenteries (ill. III) arises in the smaller 
(sulcar) of the two original chambers, right and left of the sulcus, 
and forms the sulcar directive couple of the adult. A fourth 
mesenterial pair (iv, iv) is then formed, one mesentery in each 
interspace between the first and second mesenterial pairs. There 
is now a stage with eight mesenteries which is for a short time 
persistent. The number of mesenteries corresponds with the con¬ 
dition permanent in the Alcyonaria, but the arrangement of the 
muscle banners is quite different. The sulcular (ii, ii), sulculo- 
lateral (iv, iv), and sulco-lateral (i, i) mesenteries have the muscle 
banners on their sidcar faces; the sulcar mesenteries (ill, ill) have 
the muscle banners on their sulcular faces. In the number and 
arrangement of the muscles this stage exactly resembles the per¬ 
manent condition in the genus Edwardsia (cf. Fig. XXL 2). 
The six-rayed symmetry is completed by the formation of the 
mesenteries (v, v) in the lateral chambers, and (vi, vi) in the 
sulco-lateral chambers, and their muscle banners are so disposed 
that they form couples respectively with iv, iv, and i, I. 

In the genera Ehodactis, Manicina (a Madreporarian coral), and 
Hah xmpa, there is an Edwardsia stage of eight mesenteries, but it 
is arrived at somewhat differently. The mesenteries second in 
order of formation form with the fifth the sulculo-lateral couples of 
the adult; the mesenteries fourth in order of formation form the 
sulcular directives of the adult (see Fig. XX. 2). 

A third and peculiar mode of arriving at the six-rayed con¬ 
dition is found in Aiptasia diaphana^ which will be best understood 
by reference to Fig. XX. 3. There is a stage with eight mesen¬ 
teries, but the muscle banners on i, I, are turne() in the direction 
opposite to what occurs in Edwardsia. 

The tentacles, being placed each above an intermesenterial 
chamber, conform in the order of their appearance and in relative 
size to the succession of the mesenteries. When the six mesen¬ 
terial couples are established, six tentacles, viz. those placed over 
the entocoeles, become larger and longer than the six remaining 
exocoelic tentacles; at a later stage their sizes are equalised. 

It will readily be understo^ from this account, that the 
Actinian embryo is at first bilaterally symmetrical. A divisional 
plane passing through the sulcus and sulculus divides the body 
into two equal and symmetrical halves, and this symmetry is pre¬ 
served till the Edwardsia stage with eight mesenteries is reached. 
With the development of the fifth and sixth pairs of mesenteries, 
a radial arrangement is superimposed on the primitive bilateral 
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symmetry, and thenceforward the radial predominates over the 
bilateral type, but a trace of the latter always remains in the 
laterally compressed stomodaeum and the two couples of directive 
mesenteries. This combination of bilateral and radial symmetry 
has been called by Boveri (10) a Uradial symmetry. 

In the genus Edwardsia, on the other hand, the symmetry is 
permanently bilateral. 

The genus Edwardsia, of which six British species are recognised, 
comprises small Actinians which are rounded at the aboral extremity 
and live buried in the sand. The body is divisible into three 
regions—an upper capitulum, a median scapus, and a lower physa. 
The capitulum and physa are retractile within the scapus, which 
is usually invested by a friable cuticle. Though there are only 
eight mesenteries and therefore eight intermesenterial chambers, 
the tentacles exceed eight in number, sixteen to thirty-two are 
generally present. A sulcus and a sulculus are both present, 
and the arrangement of the muscle banners in the mesenteries has 
been referred to (see Fig. XXL 1 and 2). The development 
of Edwardsia is not known, but Boveri observed in a larva in 
which all the eight mesenteries were present that only two of 
them, namely, those two corresponding to the mesenteries first 
developed in Actinia, Bunodes, etc., bore filaments. Thus it 
seems probable that they were the first developed in Edwardsia, 
and that the succession of mesenteries is the same in this genus 
as in the other forms, but that in Edwardsia the development 
stops short at the number eight, whilst the bilateral symmetry is 
still perfect; in other forms it proceeds further, and a biradial 
hexameral symmetry is produced. 

Seeing that most Actinians (Aiptasia is the exception) pass 
through an Edwardsia stage, and the development of Edwardsia, 
as far as we know^ it, points to the same sequence of mesenteries 
as in Actinia, it is reasonable to conclude that the latter are derived 
from an Edwardsia form. This conclusion is strengthened by the 
study of the genus Halcampa, a small anemone which, like 
Edwardsia, lives buried in the sand, and is divisible into capitulum, 
scapus, and physa (Fig. XXL 3). From twelve to twenty ten-* 
tacles are present (usually twelve only), and the physa is perforated 
by about twenty-four apertures at its apex. In Halcampa chryc- 
cmihdlwm there are in the adult six couples of perfect mesenteries, 
arranged on the biradial type, and in addition six couples of very 
small imperfect mesenteries in the exocoeles. Fig. XXI. 4 is 
a section through the stomodssal region. Of the twelve complete 
mesenteries six only bear gonads, vis. those which in order of 
development are i, i; ii, ii; iii, m. Below the level of the stomo¬ 
daeum the asulcar directives iv, iv, are provided with filaments 
and muscle banners, but the mesenteries v, v, and vi, vi, become 
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1. —Eduxirthtw clapandii, Pane. (After A. Andros.) 

2. —TmtiMvorHe section tliroutfh the etomodieal region of Edtmrdsia, showing the eight mesen* 
teries, and the arrangement of the muscle banners, s, sulcus; sulculus. 

Bn—HiUauniMf cmirotntfoto, Andr. (After A. Andres.) 

4. —Transverse section through the atomodffial region of Ifnlcampa, showing twelve couples of 
complete primary mesenteriee and six couples of minute incomplete mesenteries in the exocoeles. 
dMj directive mosenteries. 

5. —Transverse section of the same species below the region of the stomodseum, showing six 
fertile niesenterios—i, i; ii, u; iii, in ; the sterile sulcular dii^^ctives iv, iv, bearing fllaments, 
and the reduced mesenteries, v, v, and vi, vi, of the first cycle. 


To the group of six-rayed Actinians we must now add the 
large assemblage of forms, both single and colonial, which have 
hitherto been classed apart as the Madreporaria or stony corals. 
Researches made by various authors in recent years have shown 
that the anatomy of a Madreporarian coral, leaving the skeleton 
out of the question, is in all essential particulars identical with 
that of such a form as Aetinia eguina, H. V. Wilson has further 
shown (96) that in the coral Manicina areolata the sequence of the 
development of the first six pairs of mesenteries is identical with 
that of Bhodactis and Halcampa, Such being the case, it is no 
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longer possible to keep the two groups apart in a scheme of 
natural classification. They must be considered as belonging to 
an order Actiniidea, and as belonging to the same line of descent 
from a common Edwardsia-like ancestor. The structure of the 
corals will be detailed further on. Besides the biradial six-rayed 
Actinians there are forms which, in external characters, bear the 
closest resemblance to the ordinary sea-anemones. The resem¬ 
blance extends to their histological characters, yet they differ 
considerably in the number and arrangement of their mesenteries. 
There is the family of Tealiidae, containing sea-anemones undis- 
tinguishable from others in external appearance. Tealia crassicomis 
and T. tuberaulata are common on the British coasts. In these the 
tentacles and mesenteries are arranged not in multiples of six but 
of five. In T, crassicomis there are ten couples of complete mesen¬ 
teries of equal size, two couples of which are directives. Between 
these are ten couples of smaller mesenteries, and again in the 
exocoeles between the first and second cycles twenty couples of still 
smaller mesenteries (see Fig. XXII. 1). 

It seems difficult to connect this arrangement with the six- 
rayed type, bub the following ingenious suggestion is given by 
Boveri:—The complete mesenteries numbered 1 correspond to the 
six couples of the first cycle in Actinia. Those numbered 1®, the four 
couples which are added to the other six to make up the apparent 
first cycle of ten, belong in reality to the second cycle, but are 
precociously developed and intruded amongst the first cycle. The 
two couples of mesenteries numbered 2 are the remaining members 
of the second cycle, and to them are joined the eight couples of 
mesenteries numbered 2®, precocious members of the real third 
cycle, which, when added to the two couples 2®, make up the ten 
couples of the apparent second cycle. And so on for the remaining 
cycles. 

Boveri’s suggestion is not only very ingenious, but is sup¬ 
ported by a peculiar sequence of mesenterial development observed 
in an undetermined larva which he suspected to be that of a 
Tealia. The reader is referred to his memoir (10) for details. 
Accepting his suggestion, we may provisionally consider the 
Tealiidae as an offshoot of the six-rayed Actinians. 

Polyopis striata has been described by K. Hertwig. It is a 
small Actinian from the ChaHenger Collection, with thirty-six ten¬ 
tacles reduced to stomidia, and is described as having eighteen 
couples of mesenteries—six couples complete, of which two couples 
are directives, and in each of the sulco-lateral and sulculo-lateral 
chambers three couples of incomplete mesenteries, the middle couple 
being the longest (Fig. XXII. 2). According to this descrip¬ 
tion we may, with Itoveri, derive Polyopis from the normal 
biradial type by suppression of the mesenteries in the lateral 
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exocoeles. But Hertwig^s description is inconsistent with his 
figures, in which twenty couples of mesenteries are shown, of which 
eight couples are complete, and the position of Polyopis must be 
considered doubtful for the present. 

Skymis crassa has sixty-four mesenterial couples—sixteen com- 







1. —Diagrammatic tranaverae section through the stomodieal region of Tedlia crassicomis. 
1,1, primary mesenteries; la, precociously developed mesenteries of the second cvcle; 2, 2. 
normal mesenteries of the second cycle; 2a, 2a, precociously developed mesenteries of the third 
cycle. 

2. —A similar section of Pdycpia atriaJta. 1,1, mesenterial couples of the first cycle; 2, 2, 
mesenterial couples of the second cycle; 3, 8, mesenterial couples of the third cycle; x, x, the 
dotted lines represent mesenterial couples figured bv Hertwia, but stated in his description to be 
absent. If they were present they would complete tne secona cycle. All the mesentenea are said 
by Hertwig to reach the stomodaeum, but his figure represents the primaries only as complete. 
Hence the inner ends of the secondaries and tertiaries ^ve been represented in dotted lines. 

8.—A similar section through Sieyonia craaaa. Numerals as in 1. There are really sixty-four 
mesenteries in iSfcyonCs, but to avoid crowding the figure the number has been halved. 

4. —A similar section through Sc^toplwnu $triatw. Numerals as in Fig. XXI.; x, x, additional 
pair of asulco-lateral mesenteries. 

5. '^onaeHnia prcli/era. Numerals as in'Fig. XXI.; y, y, two additional mesenterial couples 
in the sulculo-lateral chambers. 

8.—OmeMs diomedtat. Numerals, etc., as in 5; s, s, additional mesenterial couples in the 
transverse chambers. 

plete, sixteen incomplete foming the second cycle, and thirty-two 
incomplete forming the third cycle. Only the mesenteries of the 
third cycle bear gonads (Fig. XXII. 3). Here, Boveri suggests, 
the mesenterial couples numbered 1 are the true primaries, to which 
the two couples numbered belonging really to the second cycle, 
are added, making an apparent primary cycle of eight couples. The 
apparent second cycle of eight couples is made up of the four 
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remaining members of the real second cycle 2, to which are 
added the four couples 2^, and so forth. The suggestion is in¬ 
genious ; it can hardly be said to be proved, but may bo provision¬ 
ally accepted, and the Sicyonidae may be considered as offshoots 
of the six-rayed Actinians. The reader will not fail to notice the 
resemblance between Tealia, Polyopis, and Sicyonis. They are 
clearly more nearly related to one another than the following, and 
are offshoots from the fully formed biradial type;— 

The genus Peachia has no sulculus, but a large and modified 
sulcus with a conspicuous protuberant lip, the conchula. It has 
ten couples of mesenteries—six couples are complete, two couples 
being directives. They correspond in number and muscular 
arrangement to the definitive primary cycle of Actinia, and are 
doubtless homologous with them. The four remaining couples 
are incomplete, have no filament, and do not bear gonads, but are 
very muscular. One couple is found in each sulco-lateral and lateral 
chamber, but there are none in the sulculo-lateral chambers. 
Peachia^ then, is a six-rayed Actinian with two cycles of mesen¬ 
teries, but the sulculo-lateral couples of the second cycle are sup¬ 
pressed. 

The Monauleae of Hertwig are represented by the single 
species, Scytophorus striatus. It has only one stomodseal groove 
(the sulcus), fourteen tentacles, and seven couples of mesenteries 
(Fig. XXII. 4). 

This may easily be explained by reference to a larval Hal- 
campa. The mesenteries are numbered in the order of their 
succession in Halcampa, and to the six couples of the primary cycle 
two mesenteries are added marked a;, x, whose muscle banners are 
so disposed that they seem to form couples with the ascular 
directives. 

Ganactinia proliferay a remarkable form found on the coasts ot 
Norway and recorded from Falmouth, has sixteen tentacles, a 
sulcus and sulculus, and sixteen mesenteries (Fig. XXII. 5). 
Of these eight are macromesenteries, are complete, and in the 
arrangement of their muscles agree with the Edwardsia type. 
The eight others are incomplete micromosenteries; there is a couple 
in each sulculo-lateral chamber, their muscle banners vis h vis; one 
micromesentery in each transverse and sulco-lateral chamber, their 
muscle banners so disposed that they face the sulco-lateral and 
sulculo-lateral macromesenteries and seem to form couples with 
them. Only the four lateral macromesenteries bear gonads, and 
in immature forms these are the only four which bear filaments. 
In this case the derivation from an Edwardsia form is obvious, 
and it may also be observed that if the upper members of the two 
pairs of mesenteries marked y, y in Fig. XXII. 5 are taken away, 
the arrangement and number of mesenteries resembles Scytophorus. 



THE ANTHOZOA 


49 


Oradis diomedeae has been described by M^Murrich (76). It 
has a sulcus but. no sulculus; eight complete mesenteries are 
present, having an Edwardsia arrangement, and all bear gonads 
and mesenterial filaments. In addition there are twelve micro¬ 
mesenteries, whose arrangement recalls that observed in Gonactinia, 
but there is an additional couple in each of the transverse chambers 
(see Fig. XXII. 6). 

From the persistence of the Edwardsian mesenteries as 
macromesenteries in Gonactinia and Oractis, and from the easy 
transition from Gonactinia to Scytophorus, it may be concluded 
that these forms have descended from an ^wardsia-like ancestor, 
diverging somewhat low down from the line of descent which led 
to the Hexactinian type. 

All the Zoantharia hitherto considered agree in their funda¬ 
mental histological characters, and in spite of the exceptions 
enumerated, it may be stated of them that, after the first cycle of 
twelve couples of mesenteries is ^established, new mesenterial couples 
are formed in the exocoeles between the couples already existing. 

The remaining groups of the Zoantharia offer greater difiS- 
culties. They differ from the Actinian type both in histological 
characters and in the disposition and sequence of their mesen¬ 
teries. There are three groups to be considered—the Zoanthidea, 
the Cerianthidea, and the Antipathidea. 

The Zoanthidea are mostly colonial, more rarely' solitary 
Zoantharia, without a skeleton, but encrusted externally by a coat 
of sandy and other adventitious particles. The colonial forms 
are united by basal stolons, which, like those of the Alcyonaria, 
contain numerous solenia. The stolons may fuse to form a 
membranous expansion, which again may be thickened to form a 
coenenchyme, in which the proximal moieties of the zooids are 
imbedded. The external characters of the zooids are Actinia¬ 
like. There are two circles of tentacles—an inner'^larger and 
a smaller outer circle. The large and small tentacles alter¬ 
nate with one another, and those of the one cycle are placed over 
the exocoeles, those of the other over the entocoeles, so that there 
are as many tentacles as mesenteries. The mesogloea differs 
from that of all other Zoantharia in being permeated by canals 
which are filled with cells of ectodermic origin. There is a sulcus, 
but no sulculus. The mesenteries of the Zoanthidea are bilaterally 
disposed in a characteristic manner. 

There are two kinds of mesenteries—complete macromesen¬ 
teries bearing gonads and filaments, and incomplete micromesen¬ 
teries devoid of gonads and filaments. There are two couples of 
directives with muscle banners turned away from one another. 
The sulcar directives are macromesenteries, the asulcar directives 
mteromesenteries. Between these, on either side, lie a variable 



50 


THE ANTHOZOA 


number of mesenterial couples, each couple consisting of a macro¬ 
mesentery and a micromesentery, their muscle banners •m h vis. 
In the youngest observed stages of Zoanthidea there are six macro¬ 
mesenteries and six micromesenteries, whose disposition is shown 
in Fig. XXllI. 3. They are numbered according to the prob¬ 
able order of their development. (M‘Murrich*8 (75) account is 
followed in preference to that of van Beneden.) It is obvious that 
the sequence is the same as that observed in Hexactinian larvae, 



Fio. XXIII. 


!•—Polythoa, sp. f showing expanded zooids. 

a—Zoanthus, sp.? growing on a piece of sponge showing retracted zooids springing ftom 
a membranaceous stolon. o uuui 


roicrotypal arrangement of mesenteries in a young Zoanthid. 

4. —Diamram showing the macrotypal arrangement. Numerals in 8 and 4 as in Pig. 
XXL In 1^ microtype and macrotyjM all the mesenteries succeeding the first twelve are 
dev elop ed in the sulco* lateral exocomes, shaded in the diagrams. 52), sttlcar directive 
maciomesenteries; iiid, asulcar directive microraesenteries. 


the difference being that the fourth, fifth, and sixth pairs, instead 
of completing the cycle of twelve equal and complete mesenteries, 
remain incomplete and are micromesenteries. There is no doubt 
t^t the micromesenteries 4, 4, are homologous with the sulcular 
directives of Edwardsia or Actinia, but their arrested develop¬ 
ment M well as the absence of a sulculus suggests that the 
Zoanthidea have branched off from a parent form common to the 
Edwardsiidea and themselves, and are not descended from an 
Edwardsia form, as are the groups hitherto considered. Be this 
as it may, the subsequent development is peculiar. New maseu- 
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teries are formed only in the sulco-lateral exocoeles. They are 
formed in couples, each couple comprising a macromesentery and a 
micromesentery, in such wise that the former is always nearest 
the mlcar directives. The resulting arrangement is shown in Fig. 
XXIV. It will be observed that five of the origin; . ix pairs of 
mesenteries are pushed up towards the asulcar surface and there 
form an asulcar group, characterised by the fact that in the lateral 
members of the group the macromesenteries are nearest to the 
asulcar directives. Some members of the Zoanthidea show a slight 
modification of this arrangement, in that the mesenteries 6, 6, 
forming couples with 1, 1, are macromesenteries. Such a modified 



Fio. XXIV. 

Diagram of the final arrangement of 
the mesenteries in the Zoantheae. The 
left of the figure shows the microtypal, 
the right the macroty^ arrangement. 
Numerals as in Fig. xXIII. 8 and 4. 
The five mesenterial pain, 1,1; 2,2; 4,4; 
5,6: 6, 0, occupy the asulcar aspect of the 
jEooid, and it is seen that in this remon the 
macromesentery of each couple is furthest 
from the sulcar directives. In the re¬ 
maining snlcar region the macromesentery 
of each couple is nearest the sulcar direc¬ 
tives. 


arrangement is known as the macrotype, the normal arrangement 
being called the microtype. The difference is made use of for 
purposes of classification. 

The Cenanthidea form a limited group, comprising the genera 
Cerianthus, Bathyanthus, and Saccanthus. Cerianthus is a solitary 
Zoantharian, living imb^ded in the sand. Its basal extremity 
is rounded, and provided with a terminal pore. The column is 
elongated, cylindrical, smooth, protected by a non-adherent case 
formed of a felt-work of nematocysts containing grains of sand 
and other bodies. The peristome is large, provided with two 
circlets of tentacles—marginal and labial (Fig. XXV. 1). There 
is a single ciliated groove in the stomodaeum, which is apparently 
not the sulcus but the sulculus. The mesenteries are numerous^ 
and all but the very short pair on the side furthest from the 
ciliated groove are complete. The musculature of the mesenteries 
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is weak, the longitudinal muscles being less developed than the 
transverse, and there are no muscle banners. Garlgren (14) has 
shown that the longitudinal muscles are always found on the same 
face in each mesentery, namely, on the face turned away from the 
ciliated groove. In Edwardsia the opposite is the case, and it 
is concluded that the ciliated groove of Cerianthus does not 








1. —OriaotAia toliUtrlus, Rapp. 

2. ’~Traniiver86 aection through the ntoinodfeal region of CerianthiiB, showing the sulculus, s, 
and the arrangement of the mesenteries. (After O. and R. Hertwig.) 

8.—Portion of a mesentery of CtrianthuH membrnyuiceiix^ sliowing the transverse muscles, 
tm, the fllainent /. Tlie Acontia-like threads, % borne by the upper edge of the mesentery, 
and g, the gonads. (After O. and R. Hertwig.) 

4.~Seetion through the peristome of Cerianthiit munbranoeeuf, showing the longitudinal 
ectodermic muscles, Jf: ec, ectoderm; mg, meeogloea; ea, endoderin. (After O. and R. 
Hertwig.) 

6.<-Oral aspect of a young Amchnactls brachiolata, the larva of a Cerianthtts, with seven 
tentacles. (After E. van Beneden.) 

6.—>Tran8verse section through the stomodteal region of an older lan'a. The numerals 
indicate the order of development of the mesenteries, (After Dover!, slightly altered.) 

correspond with that of Edwardsia, but is the sulculus, the sulcus 
being absent. 

The pelagic larva shown from the oral surface in Fig. XXV. 
5 is known Arachmetis brachiolata. It is the young form of 
an undetermined species of Cerianthus. Fig. XXV. 6 is a trans¬ 
verse section through the stomodseal region of an older larva. It 
has nine tentacles-^one small, median, and, according to Carlgren’s 
orientation^ ascular; six large and lateral; two of unequal siae, 
but Hnaller than the lateral tentacles, occupy the sulcar region. 
The section shows that these correspond to as many intermesen- 
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terial spaces, and that, in addition, there is a median intern ssen- 
terial space on the sulcar side as yet unprovided with a tentacle. 
The intermesenterial spaces are formed by ten mesenteries, whose 
developmental sequence is expressed by the numbers 1,1; 2, 2; 

3, 3; 4, 4; 5, 5. Thus the larval Cerianthus passes through a stage 
with eight mesenteries, and these are developed in the same 
sequence as the first eight mesenteries of Halcampa and Khodactis. 
But in the absence of muscle banners it can hardly be called 
an Edwardsia stage. The further course of development differs 
from anything else that has been described. New mesenteries are 
always developed in the sulcar chamber between the previously 
existing sulcar mesenteries. Thus 5, 5, are developed between 

4, 4; 6, 6, will be developed between 5, 5, and so on. It 
results that Cerianthus is strictly bilaterally symmetrical, and 
that the members of a mesenterial pair are not contiguous, but 
are to be found on opposite sides of the stomodaeum. As the 
sequence of the first four pairs of mesenteries is identical with 
that of Halcampa, etc., it has been held by Boveri and M‘Murrich 
that the Cerianthidae are derived from an Edwardsian stock. But 
the presence of longitudinal parietal ectodermic muscles must be 
held to separate the Cerianthidae from the Edwardsia stock, and, 
as in the case of the Zoantheae, they must be regarded as having 
diverged from a common ancestor of all the Zoantharia. 

The Antipathidea form a well-defined group, whose relation¬ 
ships are very obscure. The type form, Antipathes diciwloma^ 
forms arborescent colonies, consisting of numerous zooids arranged 
in a single series along one surface of a branched horny axis. 
The axis is enclosed hy the soft tissues, and is surrounded by a 
special epithelium, which in all probability is of ectodermic origin. 
Only the number and arrangement of the mesenteries will be con¬ 
sidered in this place, further details being postponed. In the Anti- 
patharian zooid the peristome forms a prominent oral cone, on the 
summit of which the mouth is placed. It is surrounded by six 
tentacles, usually simple and non-retractile, but branched and 
retractile in the family Dendrobrachiidae. The stomodaeum is 
strongly compressed, and the zooids are so arranged on the axis 
that the long axis of the stomodaeum is at right angles to the axis 
of the colony. An ill-defined sulcus and a sulculus are present, 
and the tentacles corresponding to the sulcar and sulcular inter¬ 
mesenterial chambers are longer than the rest. In most of the 
genera there are ten mesenteries, which do not bear muscle 
banners. The genus Leiopathes is an exception, having twelve 
mesenteries. Where ten mesenteries are present, they have the 
arrangement shown in Fig. XXYI. 2. 

The sulcar and asulcar mesenterial pairs are short; the suleo- 
lateral and sulculb-lateral pairs are somewhat longer, but the 
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lateral mesenteries which correspond with the long axis of the 
colony are very long, and are the only mesenteries which bear 
gonads. They are conveniently distinguished as the reproductive 
mesenteries. The development of the Antipathidea is unknown, 
and it is therefore impossible to say what is the sequence of the 
mesenteries; but it seems probable, from a comparative study 
of the existing genera, that the sequence conforms to the 
Edwardsio-Actinian type. The tentacles are placed over the sulcar 



Fio. XXVI. 


1. —Portion of a colony dichotoTna, 

2. —TramivorHa section thxougn the oral cone of Antipathdla mbpinnata. s, salcus si, 
sulculus; gonads. 

8.>~TranRvenie section through the upper part of the oral cone of AntipatheUa minor. The 
numerals indicate the probable order of succession of the mesenteries. 

4.—A section somewhat lower down from the same specimen. Only three pairs of mesen¬ 
teries are present. 

6.~-Section through the oral cone of LHovathts gldberrima. Six pairs of mesenteries are 
present, their probable order of succession being indicated by the numerals. 

and sulcular chambers, and over the four chambers adjacent to the 
reproductive mesenteries. In AntypiUhelh^^ m^ ten mesenteries 
are present in the oral cone, but lower down four of them disappear, 
leaving six mesenteries only, which, as Fig. XXYl. 3 and 4 show, 
are the sulcar and sulcular pairs and the reproductive mesenteries. 
Assuming that the more persistent mesenteries are the oldest, 
and that the great reproductive mesenteries correspond in order of 
appearance, as they do in position, to the mesenteries 1, 1, in the 
Aetinian larv% we may numl^r the two remaining pairs 2, 2, 
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3, 3, and we get a form with six mesenteries whose sequence 
corresponds to the sequence of the first six mesenteries in Actinia 
equina. But we can go no further. If the mesenteries marked 

4, 4, in 3 were found to be developed before those marked 5, 5, 
we should get an eight-rayed stage similar in all respects to the 
Edwardsia stage in Actinia, except for the absence of muscle 
banners. 

Leiopathes gldberrima has twelve mesenteries in the oral cone. 
Below the level of the stomodaeum only six are present. Study 
of serial sections shows that the mesenteries die out in the following 
order:—Firstly, those marked 6, 6, in Fig. XXVI. 6; secondly, 
those marked 5, 5; thirdly, those marked 4, 4. It will be observed 
that the additional pair of mesenteries is the first to disappear, 
and that the pair which is presumably fourth in order of develop¬ 
ment outstays the pair which was presumably developed fifth. 
In the absence of further evidence it may be conjectured that the 
first four pairs of mesenteries are formed in the Antipatharia in 
the same sequence as in the case of Actinia, and that therefore 
an Edwardsia stage of development may be assumed. It would 
follow that the normal number of ten, characteristic of the 
Antipatharia, is arrived at by the development of a single mesentery 
in each sulco-lateral chamber; and where twelve mesenteries are 
present, as in Leiopathes, an additional mesentery is formed on 
each side between the sulco-lateral and reproductive mesenteries, 
the arrangement of the last two pairs differing from that in 
Actinia equina. 

It may be concluded that the existing Zoantharia are derived 
from a bilateral ancestral form which was provided with no more 
than eight mesenteries. In this form there was probably no sulcus 
and no sulculus, and muscle banners were absent. It was, therefore, 
antecedent to the Edwardsia form, and probably enough was the 
common ancestor of the Alcyonaria and Zoantharia. From this 
parent form the Cerianthidea, the Zoanthidea, the Antipathidea, and 
the Edwardsiidea diverged. From the Edwardsiidea may be derived 
all the other recent Zoantharia. The Oractidae, Gonactinidae, and 
Monaulidae appear to have diverged early from the Edwardsian 
stem, which was continued into the Actinian series which, from its 
disguised bilateral symmetry, may be called the Cryptoparamera. 
This gave rise to two main branches: (1) Forms with a stony 
skeleton, the Scleractineae, equivalent to the Madreporaria of 
previous authors, and (2) the Malacactineae, equivalent to the 
Actiniaria of previous authors. From the Malacactineae the 
aberrant families of the Polyopidae, Sicyonidae, and Tealiidae were 
derived. These relationships are expressed in the following 
table:— 
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Pro-EdwardsiM. 



Whether or no the pro-Edwardsiae were developed from a 
cruciform, t.e. a four-rayed ancestor, is a matter of conjecture^ 
The Rugosa, a heterogeneous group of Palaeozoic corals, are some¬ 
times known as the Tetracoralla because of the characteristic 
quadripartite symmetry which they exhibit. In such a form as 
Stauria there are four principal septa, placed at right angles ta 
one another, and several secondary septa arranged in four systems, 
those in each system inclining towards a primary septum. A 
different arrangement of the secondary septa obtains in such forms 
as Streptelasma, but the quadripartite symmetry is again con¬ 
spicuous. It is tempting to suppose that the four principal septa 
stood between four primary mesenteries, which were homologous 
with the two pairs first developed in recent Zoantharia. This 
would indicate a quadripartite ancestor for the Zoantharia, possibly 
for all the Anthozoa. But in the present state of our knowledge 
such inferences must be received with caution. The most that can 
be said, is that microscopic examination of palaeozoic corals shows 
that their skeletons are built up on the same plan as those of 
recent corals, and that it may legitimately be inferred that the 
correspondence in structure of the hard parts is evidence of a 
correspondence in the structure of the soft tissues which gave rise 
to them. The work of Pratz (104), von Koch (102), Quelch (86), 
and Ogilvie (103) has resulted in the breaking up of the old group 
of the^ Rugosa, many members of which are now included amongst 
families to which recent Scleractineae belong. 

The Zoantharia may be classified as follows;— 
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aHADE L^TARAMEllA, 

The primitive bilateral symmetry of the zooid is retained, or at most 
is partially obscured by the secondary development of mesenteries in a 
limited number of the primary intermesenterial chambers. 

Order 1. Ceriantbidea. 

Solitary Zoantharia paramera without a skeleton. The mesenteries 
are numerous, arranged symmetrically in pairs, each member of a pair on 
opiK)8ite sides of the stomodaeum. The mesenteries devoid of muscle 
banners. A sulculus present but no sulcus. Musculature chiefly in the 
form of longitudinal ectodermal muscles supported by processes of the 
mesogloea of the column. 

Family Cerianthidae. Genera —CerianthuSy Dell. Chiaje; Bathy- 

anthusy Andrea; SaccunthuSy M. £dw. 

Order 2. Antipathidea. 

Colonial Zoantharia paramera with a spinose, horny, usually hranch- 
ing axial sk leton on which the zooitls are seated. Six tentacles, of which 
two corresponding to the ends of the long axis of the stomodaeum are 
usually larger than the others. Six primary mesenteries always present; 
in most forms four others are developetl, one in each sulco-lateral and 
sulculodateral chamber, making ten. The two mesenteries at right angles 
to the long axis of the stomodaeum arc greatly developed, and alone bear 
gonads. Muscle banners absent. 

Family 1. Antipathidae. The individual zooids have six simple 
xion-retractile tentacles, which may be radiately arranged or in two rows 
of three each. Axis spinose and with a central canal. Ten mesenteries 
are present Sub-Family—Cirrhipathinae. The zooids are radiately 
arranged on all sides of the axis. Genus —CirrhipatheSy Blainville. Sub- 
Family—Antipathinae. The zooids are borne in linear series on one 
side of the axis. The transverse axis of the zooid tends to be elongated 
in the direction of the long axis of the stem and branches. Genera— 
Antipathesy Pallas; StichopatheSy Brook; Antipathellay Brook ; Aphanipath^Sy 
Brook ; TylopatheSy Brook ; PteropatheSy Brook ; ParantipatheSy Brook. 
Sub-Family—Scbizopathinab. Zooids much elongated in the trans¬ 
verse axis. On either side the two chambers adjacent to the reproductive 
mesenteries are separated by a partition from the rest of the zooid, which 
thus appeal's to be divided into three parts—two reproductive and one 
gastral. Each division bears two tentacles. Genera— SchizopatheSy Brook; 
BathypatheSy Brook ; Taxipaihefy Brook; CladopcUheSy Brook. Tlie last- 
named genus has only six mesenteries. 

The Schizopathinae have been described by Brook as dimorphic, 
but there is no division of labour accompanied by structural differentia¬ 
tion amongst the zooids, and therefore there is no dimorphism. The 
zooids are all alike; each zooid is greatly modified in connection with the 
greatly developed gonadiol mesenteries, but there is no division into 
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sterile and fertile, gastrozooids and gonozooids. It is easy to trace the 
steps which have led to the specialised Schizopathinae. Antipathes is a 
nearly radial form, the reproductive mesenteries but little longer than the 
others, and the zooid is scarcely elongated in the transverse axis. In 
Parantipathes the reproductive mesenteries are very long, the zooid is 
much elongated in the transverse axis, and the two pairs of tentacles 
belonging to the paragonadial chambers are shifted away from the 
oral cone. The formation of incomplete septa dividing the para* 
gonadial chambers from the remainder completes the Schizopathine 
condition. 

Family 2. Leiopathidae. Twelve mesenteries are present in the oral 
cone. Genus— Leiopathes, Gray. Family 3. Dendrobrachiidae. Axis 
formed by several longitudinal lamellae arranged round a central rod ; 
no central canal. Tentacles retractile, pinnate. Genus— Dendrohrachiaj 
Brook. 


Order 3. ZoaAthidea. 

Zoantharia paramera, mostly colonial, rarely solitary. Without a 
skeleton, but often encrusted by sand. A sulcus is present, but no 
sulculus. Mesenteries numerous, of two kinds, fertile macromesenteries 
and sterile micromesenteries. The sulcar directives are macromesenteries ; 
the asulcar directives are micromesenteries. In the remaining mesenteries 
each macromesentery forms a couple with a micromesentery (one couple 
excepted in Macrotypa), their well-developed retractor muscles being 
vis d vis. After the first twelve mesenteries are established, new mesen¬ 
teries are formed only in the sulco-lateral chambers. Mesogloea permeated 
by ectodermic canals. 

Family 1. Zoanthidae. Division 1. Mkrotypa. The sixth primary 
mesenteries are micromesenteries. Genera —ZoarUhvSf Cuvier; Mamr 
milifera, Lesueur Corticifera, Lesueur. Division 2. Macrotypa, The 
sixth primary mesenteries are macromesenteries. Genera— Epizoanthus, 
Verrill; Palythoa, Lam. 

Family 2. Sphenopidae. Solitary Zoantheae with rounded aboral 
extremity. Genus— Sphenopus, Steenstrup. 

Order 4. Edwardsiidea. 

Free solitary Zoantharia paramera with eight mesenteries and sixteen 
to thirty-two tentacles. Body divided into capitulum, scapus, and physa. 
Without a skeleton. Sulcus and sulculus present. Retractor muscles of 
mesenteries well developed, placed on the asulcar aspect of the sulcar 
directives, on the sulcar aspect of the remaining mesenteries. 

Genus— Edwardsut^ Quatrefages. 

Order 5. ProMtiniae. 

Zoantharia paramera in which a variable number of mesenteries is 
added to the eight Edwardsian mesenteries. The bilateral symmetry of 
the Edwardsia form is retained. No skeleton. 
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Family 1. Qonactikidae. Sulcus and sulculus present Eight 
Edwardsian macromesenteries and eight micromesenteries. The sulcar 
and sulcular macromesenteries are sterile, the four remaining macro¬ 
mesenteries are fertile, and form couples with four micromesenteries. Of 
the four remaining micromesenteries there is a couple in each sulculo*lateral 
chamber. Genus— Goiiaciiniay Sars ; Gmctctinia prolifera reproduces itself 
asexually by strobilisation. Family 2. Oractidae. No sulculus. 
Mesenteries as in Qonactinia, with an additional couple of iiiicromesenteries 
in the transverse chambers. Genus— Oractis^ M‘Murrich. Family 3. 
Monaulidae. Sulculus absent. Fourteen tentacles and fourteen complete 
mesenteries arranged as in Gonactinia, but the sulculo-laterals are absent. 
Genus— Scytophorus^ Hertwig. 


GRADE ll.—CRYPTOPARAMERA. 

Zoantharia in which the primary bilateral symmetry is obscured by 
radial development of the second and succeeding cycles of mesenteries. 

Order G. Actiniidea. 

Colonial or solitary Zoantharia cryptoparamera, with or without a 
skeleton. Sulcus and sulculus both present (with rare exceptions). 
Mesenteries arranged in cycles. Each cycle consisting usually of twelve 
couples of equal size. Typically a couple of new mesenteries is formed 
in each exocoele formed by previously existing cycles. The muscle 
banners of the sulcar and sulcular directive mesenteries are turned away 
from one another ; in all other couples they are vw d via Tentacles equal 
in number to the mesenteries, one over each endocoele and exocoele. 

Sub-Order 1. Malacactiniae, Solitary Actiniidea or very rarely 
forming colonies. Without a skeleton. 

Group A. Hexactiniae. 

Family 1. Ilyanthidae. Free Malacactiniae, not adhering by a basal 
disc. Aboral end of body rounded. Sub-Family—Halcampinae. 
Tentacles twelve. Mesenteries twenty-four—six couples complete, six 
couples incomplete. Genus— Halcampa^ Gosse. Sub-Family—Ilyan- 
THiNAE. Genus— Ilyanthits, Forbes. Sub-Family — Peachiinab. Ten¬ 
tacles twelve. Mesenteries twenty; six primary’^ couples complete, fertile ; 
four secondary couples, the sulculo-lateral couples being absenh A single 
conchula present Genus— Peo/chia^ Gosse. 

Family 2. Actinidae. Malacactiniae with an adherent basal disc. 
Tentacles simple, uniform, arranged in cycles on peripheiy of peristome, 
one tentacle over each exocoele and endocoele. Sub-Family—Antheinae. 
Marginal tubercles present. No circular muscle. No acontia. Genera— 
Actinia, Browne ; Ansmonia, Risso; ComaetiSy M. Edw. Sub-Family — 
Sagartinae. Circular muscle present Acontia present Primary 
mesenteries alone complete, and are sterile. Division A. Circular muscle 
endodermal. Genus —Actinolohay Blainville. Division B. Circular muscle 
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niesogloeal. Genera— Sagartia^ Gosse; Calliactu, Venill; Cereuif Oken ; 
Phelluif Gosse; Chondractinia, Liitken; Horma/Uiiay Gosse ; Chitomctu^ 
Fischer ; Actimiige^ Verrill; Adamtia^ Forbes; Aiptasia^ Gosse. Sub¬ 
family—Bunodinae. Circular muscle present Noacontia. The column 
covered with tubercles. Genera— Bwnodesy Gosse; Aulcuitinia^ Verrill; 
Cladactis, Panceri. Sub-Family—Paractininai. Circular muscle 
mesogloeaL Many perfect mesenteries. Genera— Paractis, Andres; 
Paractinia , Andres; Paranthus^ Andres. Sub-Family — Antheomor- 



Fio. XXVII. 

l.^Adanifin Rnnddi’tiif D. Ch. Sagartiapanuitica). 

*2, 2f(, !{/>, Jiunmles rigidun. Andres. S,^OctopkelHa timiifa, Andres. 

4.—Corywdctw nridin, Allman. 


PHiNAE. No circular muscle. Complete mesenteries numerous. All 
the mesenteries fertile. Genus—Antheomorphef Hertwig. Family 3. 
CoRALLiMORPHiDAB. Teutaclcs arranged in a double corona, one corona 
marginal and principal, the other intermediate and accessory. Mesenteries 
slightly differentiate, all fertile. No circular muscle. Sub-Family— 
CoRALLiMORPHiMAB. Gcnus—OoralUmorphus, Moseley. Sub-Family-^ 
CoRYNAOTiMAE. Genera—Corynactu, Allmann; Capiea, Forb^* (In 
Coiynactii virtdti the bases of the zooids are confluent, so that they 
adhere to form a colony.) Sub-Family—Disoobomxkas. Genus— 
Biseasama, Leuck. Family 4. Liponbmipab. Marginal tentacles trans- 
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formed by retrograde formation into short tubes or stomidio. Genera— 
PolytUmidium^ Hertwig; Folynphonia^ Hertwig. Family 6. Amphian- 
THIDAE. Malacactineae embracing by their bases stems of Qorgonidae : 
with shortened sagittal and elongated transverse axis, circular muscle 
mesogloeal. Primary septa alone complete, but sterile. Genera— 
StephanactiSf Hertwig; Amphiafithus, Hertwig; Gephyra, von Kocli. 
(Possibly the genus Savaglia with twenty-four tentacles and twenty-four 
mesenteries must be placed here. It was formerly classed among the 
Antipatheae.) Family 6. Dendractidam Some or all of the tentacles 
ramified or foliaceous. Sub-F'amily—Rhodactinae. Genera— lUuxlactis, 
M. Edw.; Taractea^ Andres. Sub-Family—Phymanthinae. Genera— 
PhymanthuSf M. Edw.; Triacti% Klunz. Sub-Family — Phyllactinae. 
Genus— Phyllactis, M. Edw. Sub-Family—Chambactixae. Genus— 
CrambactiSf Haeckel. Sub-Family—Ckyptodbndrinae. Genus— Crypto- 
dendron, Klunz. Family 7. Thalassianthidae. The disc is covered 
with peculiar appendages, which are not tentacles, and are termed fronds. 
Each frond is villose, pinnate, or tubercular. Sub-Family — Thalassiax- 
THINAE. Genera —-ThalassianthuSy Leuck ; Actineria^ Blainv. ; MryalactiSy 
Ehrb.j ActinodendroiiyElirh, Sub-Family—Sarcophiaxthixae. Genus— 
Sarcophianthusj Lesson. 


Group 

Malacactineae in which precocious development of the secondary and 
succeeding cycles of mesenteries obscures tlie hexameral arrangement. 

Family 1. Tkaliidae.’ Genus— Tealia, Gosse. Family 2. Polyo- 
PiDAB. Genus— Polyopis, Hertwig. Family 3. Sicyonidak. Genus— 
SicyoniSf Hertwig. 

For the characters of these three families, see p. 40. 

The classification of the Malacactineae given above must be 
considered provisional. As far as possible the lines laid down by 
Hertwig (41) have been followed, as his classification is based on 
anatomical characters. But the anatomy of many forms is still 
undescribed, and where anatomical characters are wanting the 
arrangement of Andres (1) has been followed. 

Sub-Ordbr 2. SCLERAOTINIAS (» Madreporaria). Actinideac 
provided with a calcareous skeleton secreted by cells called calico- 
blasts, which actually are or represent the basal ectoderm. 

The anatomy of the soft parts of any Scleractinian resembles, 
in essential points, that of an Actinia. There are complete and 
incomplete mesenteries arranged in cycles, the sequence of numbers 
being usually 12, 12, 24, 48, etc., as in Hexactiniae. Usually two 
couples of ^rective mesenteries are present, but in a few Wms 
(Mussa, Lophohelia, and Euphyllia) there are no directives. For 
a detailed account of the anatomy of such corals as have been 
studied, the reader is referred to the works of von Koch (51, 57, 
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58, 59, 63); von Heider (38); Fowler (23-26); Bourne (6 and 7); 
and Ogilvie (103). 

The relations of the zooid to the skeleton may be studied in 
Fig. XXYIII., which represents a diagrammatic longitudinal section 
through a Turbinolid coral. A quadrant is cut out on the left 
side to further display the anatomy. In the skeleton of a typical 
solitary coral—the common Devonshire cup-coral, Caryophyllia 
Smiihiiy is a good example—the following parts are to be dis- 



Fig. XXVIII. 


Diagram illustrating the relation of the soft tissues to the corallum in a solitary aporose 
coral. St, stomodaeuni; Sul, sulcus; M, mesenteries; Th, theca; S, septa; Cd, columella; Bp, 
epitheca; P, odge-sone. 

tinguished:—(1) The basal plate, between the zooid and the 
surface of attachment. (2) The septa, radial calcareous laminae 
reaching from the periphery to near or quite to the centre of the 
calycle. (3) The theca or wall, which, in many corals, is not an 
independent structure, but is formed by the conjoined peripheral 
ends of the septa. (4) The columella, a structure which occupies 
the axis of the corallite, and may be solid or trabeculate. If it 
arises from the base, it is termed essential; if formed by the 
union of trabeculae from the septa, it is termed unessential. (5) 
The costae, longitudinal ribs or rows of spines on the outer surface 
of the theca. True costae always correspond to the septa, *and 
are in fact the peripheral ends of the latter. (6) Epitheca, an 
offset of the basal plate which surrounds the base of the theca in 
a ring-like manner. (7) Pali, laminae which extend upwards from 
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the bottom of the calycle and project between the inner edges of 
certain septa and the columella. In addition to these parts, other 
structures are found in the skeletons of certain corals. Dissepi- 
menis are oblique calcareous partitions stretching from septum to 
septum, and closing the interseptal loculi below (see Fig. XXXI. 
2). The whole system of dissepiments in any given calyx is often 
called eTidothica. Sympticiila are calcareous bars uniting adjacent 
septa (Fig. XXXI. 3). Tabulae are stout horizontal partitions 
traversing the whole space within the calycle. 

Though the skeleton or corallum of the Scleractiniae appears 
to lie within the zooid, it is morphologically external to it, as is 
best shown by its developmental history, which has been studied 
by G. von Koch in Astroules calicularis (55) and in Caryophyllia 



Km. XXIX. 


Radial Hoction of the larva of Antrokles caliatlarU, which has fixed itself on a piece of cork, 
er, ectodenii; en, endodenn; mff, nimogloea; mm, inesenteries; S, Heptiim; li, bsMal plate, 
formed of ellipsoidH of carbonate of lime secreted by the basal ectoderm; ep, epitheca. (After 
0. von Koch.) 

cyathus (105), and by H. V, Wilson in Manidna areokUa (98). 
The larvae of Astroides are at first ciliated and free-swimming, 
and do not acquire a corallum until they fix themselves. The 
first trace of the corallum appears as a ring-shaped plate of cal¬ 
careous tissue situated between the basal ectoderm and the surface 
of attachment. It is composed of calcium carbonate in the form 
of numerous spheroidal masses of concentric structure, each mass 
built up of numerous rhombic crystals. Von Koch states definitely 
that the calcareous nodules are formed as a secretion product of 
the ectoderm, and he gives figures which fully bear out his assertion 
(Fig. XXIX.) Wilson, as far as he has traced the development of 
the corallum in Manicina, confirms von Koch’s statement. Von 
Heider, however, holds that the calcareous crystals are formed 
within ectodermic cells, as are the spicules of Alcyonaria, but his 
proofs are not satisfactory.^ The further development of the 
corallum is effected by the completion and increase in size of the 

^ Since this was written, Dr. Maria M. Og^lvie has expressed herself strongly in 
fSTonr of von Beider's opinion. The subject requires reinvestigation, but it must be 
said that Ogllvie's evidence is not strong enough to overthrow the positive embryo- 
logical observations of von Koch and H. V. Wilson. (The writer has sinoe shown 
t&t von Koch’s views are correct and that no true spicules, formed within oella, 
ooour in the Scleractiniae.—>Quaff. /our. Mier. ScL vol. xll) 
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basal plate, and the formation of the septa. The first traces 
of the septa are radially disposed folds of endoderm, on the 
basal disc, one fold in each endocoele and exocoele. As twelve 
mesenteries are present, twelve septa are formed simultaneously. 
Beneath each fold the ectoderm becomes detached from the surface 
of the basal plate, and is folded inwards conformably with the 
endoderm, so that ridges composed of all three layers project 
into the coelenteron. Between the limbs of the ectodermic folds 
calcareous nodules are formed, and these fuse together to form 
the septa. The septa soon fuse with the basal plate, and each 
primary septum becomes forked at its peripheral end, so that, 
when viewed from above, it has the shape of a Y. At a later 
stage the septa form relatively high but thin radial plates, over 
each of which the three layers—ectoderm, mesogloea, endoderm— 
are folded. They increase in size, their peripheral ends branch, 
and eventually the branches of adjacent septa unite with one 
another to form a porous theca. At the same time their central 
ends unite and form a trabecular columella. Whilst the septa are 
being formed, and are becoming united to form a theca, a secretion 
of carbonate of lime from the wall of the young zooid, at the 
point where basal disc passes into body wall, gives rise to a thin 
lamina which is continuous with the basal plate. This is the 
epitheca; at first it is separate from the theca, but at a subsequent 
period is united to it by processes. Of the twelve septa first 
formed six, viz. the exocoelic septa, grow faster than the others, 
and thus there appear to be two cycles of alternately larger and 
smaller septa, six in each cycle. From the foregoing account, it 
is evident that the corallum is formed from the basal ectoderm, 
and that it is, as it were, pushed up from below into the cavity of the 
zooid^ each part of the corallum carrying before it the three layers 
—ectoderm, mesogloea, and endoderm. Further, it is evident that 
the theca in Astroides is not an independent structure, but is 
formed by the coalescence of the peripheral ends of the septa. In 
Caryophyllia, however, the theca is formed independently of the 
septa. The development explains a feature present in many 
Scleractiniae. The soft tissues of the zooid extend outside the 
theca, and invest it to a greater or less extent. This extratheoal 
extension of the soft tissues is shown in Fig. XXYIII. P. A 
section through this region shows that the extrathecal soft tissues 
enclose a cavity which is a part of the coelenteron, and, like the 
latter, is divided into chambers by partitions, which are the 
peripheral parts of the mesenteries. The extrathecal soft tissues 
will be called the edge-ztm. The extent of the edge*zone and its 
relations to the intracalicular part of the zooid will easily be 
understood after a study of Fig. XXYIII., and a transverse section 
through the upper part of a zooid is shown in Fig. XXXI. 1, 
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from which it will be seen that the theca appears to cut the 
mesenteries in two. It will also be noticed that, in an aporose 
eoral such as is shown in Fig. XXX. 2 and 4, the only com¬ 
munication between the cavities in the edge-zone and the remainder 
of the intermesenterial spaces is by way of the lip of the calicle, 



Fio. XXX. 

'i.—AsiroUlri flaliculnris. Schematic longitudinal section through a zooid and a bud. show¬ 
ing the relations of the soft tissues to the coralluiu. In this, and in figures 2 and 4, the 
thick black lino represents the soft tissues, the coralluin is gray. The sections are much 
simplified, the iiiescuteries, etc., being omitted. stomodaeum; T, tentacles; C, coenasarc; 
Ccif columella. 

2.-~A similar section through a single zooid and bud of StylapKora digitata. On the left 
of the figure the coenosarc is seen to be supported on echinulations of the coenenchyme. * 

8.~-A diagram illustrating the process of asexual reproduction by unequal division. 

4.—Schematic longitudinal section through tliree coralities of Jxfphohelia prclifera. In the 
upper part of the figure the larger zooid is seen to be in connection with the smaller zooid 
forinedf from it by division both internally and externally by way of the edge-zone. The lowest 
Boold haa lost all organic connection with the other members. P, edge-zone; other letters as in 1. 

6.—A section tnrough a dividing calicle of Mnsm, showing the union of two septa in 
the plane of division and the origin of new septa at right angles to them. 

6 .— Side view of the upper part of the specimen shown in 8 . (4 originsl, the rest sitsr 
O. von Koch.) 

but in the perforate coral the theca is permeated by numerous 
anastomosing canals lined by endoderm, which place the cavities 
of the edge-zone in communication with the central coelenteron. 

AccoMing as these canals are absent or present, the Sclerac- 
tiniae are cl^sified as Aporosa or Perforata, and the anatomical 
character in question is sufficiently definite to afford a basis of 
classification. There are, however, some corals which cannot be 
placed in either of these groups. 
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There are both solitary and colonial Scleractiniae, and both 
solitary and colonial forms occur in the two groups Aporosa and 
Perforata. The colonial forms are produced by asexual reproduc¬ 
tion either by gemmation or division, the resulting individuals 
remaining in connection with one another. Several of the solitary 
Scleractiniae reproduce themselves asexually by discontinuous 
budding or division. Blastotrochus nidriXy a member of the family 
Flabellidae, produces lateral buds on the theca, which after a 
time drop oiT, and a new bud may be formed from the scar 
of the old one. Some species of Flabellum reproduce them¬ 
selves asexually by transverse fission. Rhodopsammia paraUela 
and R. socialisy perforate corals, bear marginal and lateral buds 
which may detach themselves. In the genus Fungia, the discoid 
free adult forms are asexually produced from an attached parent 
stock termed the trophozooid, and the adult individuals may 
multiply themselves by transverse fission. 

In the formation of colonies by asexual reproduction, the 
distinction between gemmation and division must be bdrne in 
mind. In the former case the young zooid, with its corallum, 
arises wholly outside of the cavity of the calyx of the parent 
zooid, and the component parts of the young corallum, theca, 
septa, columella, etc., are formed anew in every individual pro¬ 
duced. In division a constriction divides a zooid into two or 
more equal or unequal parts, and the component parts of the two 
(or more) coralla so produced are severally derived from the 
corresponding parts of the dividing corallum. 

Gemmation in the colonial Aporosa and Perforata always 
proceeds from the soft tissues which clothe the outside of the 
theca, i,e. from the edge-zone or its derivatives. In the case of an 
aporose coral a bud is formed on the edge-zone, and develops into a 
new zooid with its corallum. The cavity of the latter does not 
communicate directly with the cavity of the parent, but organic 
connection between parent and offspring is effected by means of 
the edge-zone. As growth proceeds, and parent and bud become 
separated further from one another, the sheet of soft tissues 
connecting the two loses the characters shown in Fig. XXXI. 
1, A^ the peripheral continuations of the mesenteries are no 
longer present, and there is found instead a sheet of tissue resting 
upon projecting spines of the corallum, between which run canals 
lined by endoderm, the last-named serving as the means of com¬ 
munication between zooid and zooid (see Fig. XXXI. 1, JB). 
Such a sheet of soft tissue, devoid of the peripheral continuations 
of the mesenteries, and bridging over the spaces between the 
zooids, may be called the coenosare. The layer of calicoblasts 
on the lower surface of the coenosarc gives rise to a secondary 
deposit of carbonate of lime, which more or less fills up the spaces 
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between individual corallites, and is distinguished as coenenchyme. 
The individual corallites may be wholly immersed in coenenchyme, 
in which case the whole of the soft tissues connecting the zooida 
have the character of coenosarc; or, as in Galaxea, Fig. XXXIIL 
5, the corallites may be only partially immersed in coenenchyme, 
in which case the soft tissues on the outside of the projecting 



Fia. XXXI. 


1. —Diagnmnuitic transverse section Ut rough two quarters of a sooid of Amphihdia rametL 
A, through the theca in the region of the U'utocles, showing the iwripheral ends of the mesen* 
terles in the cavity of the perisarc. U, Iwlow the stomodaeum, shovring the external canals 
between the body wall and coralluin. Ectodenn blocked black and white, coralluin shaded. 
(Aftw O. H. Fowler.) 

2. —-Vertical section through a corallite of EuphyUiOf showing the dissepiments, DS. 
(Original.) 

S.>-Diagrammatic representation of the relations of septa, SS ; mesenteries, MM ; costae, 
CC ; and body wall, P, in StephanophMia /crmosixaimOf in a small cube cut out of the base of 
the sooid: RT, radial trabMulae; SN, synaptioula. Bctoderm blocked black and white; 
corallum dotted. (After Fowler.) 

4.—Part of a section through a corallite of RuphyUia, showing the fonnation of the theca, 
TA, from the peripheral ends of the septa; dissepiments. (Onginal.) 


distal moieties of the corallites have the characters of edge-zone, 
whilst the spaces between the corallites are covered with coenosarc, 
the latter shading imperceptibly into the former. For a full 
description of these relations the reader is referred to Fowler’s 
Memoirs (22-26). 

Budding takes place in an analogous manner in perforate corals, 
but the relatious between edge-zone and coelenteron, referred to 
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above, induce modifications in the process. The canal system 
which permeates the porous theca becomes much extended, and, as 
it extends, calcareous tissue is deposited between the network of 
canals, so that the theca appears to be enormously thickened. 
But the mesenteries do not share in this extension, and so the 
edge-zone proper—that is to say, the soft tissue which is external to 
the calyx, and is supported on prolongations of the mesenteries— 



Fio. XXXII. 

1.—Section through a branchlet of Madrenora^ sp. 7 showing an axial zooid with septa, tho 
■nmmnding eoenencnyme, and two bads, h, a. 

S.—Dia^m of a longitudinal section of Madnpora durvillci, showing the perforations 
in the stomodaeum leading into canals hollowed out in the mesenteries. M, mesentery; 8, 
septumj 7%, theca; F$, perisarc. 

8.--l>iagi^ of the various forms and conditions of the mesenteries in a zooid of Hiadrepmn 
durviUH, The mesenteries numbered 1, 1; 2, 2; 8, 8, and bear no filament and are simple; tho 
remainder are modified, and bear fllaments below the level of the stomodaeum. 

4. —Diagram of a transverse section of a zooid ot the same species. Ps, perisarc. 

5. —Transverse section of a modified mesentery of Jf. durvUlH^ passing through two anns 
of the stomodaeal canal. The thickened endodenn of the modified mesentery is clearly seen. 

(1 original; the rest after Fowler.) 

becomes limited to the neighbourhood of the mouth of the calyx. 
The rest of the coral is clothed with a coenosarc in which no traces 
of the mesenteries are discoverable. From this coenosarc buda 
arise which grow into zooids whose cavities are permanently con¬ 
nected with the cavities of the other zooids composing the colony 
by means of the system of canals just spoken of, as well as by 
the canals of the coenosarc (see Fig. XXX. 1, and Fig. XXXII. 
If 4). It is dear that in the perforate corals the spmigy tissue 
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in which the calicles lie is in its origin a thecal structure, 
and that it is impossible to say where the theca of one corallite 
ends and that of another begins. In aporose corals, on the other 
hand, the theca is a well-defined structure, and the calcareous 
tissue in which the corallitos are imbedded is a secondary deposit 
of entirely different origin. 

In the formation of colonies by division a distinction must be 
made between equal and unequal division, though the two processes 
merge into one another. The process of equal division is well 
illustrated by Mussa (Fig. XXX. 5, 6). The zooid, previously 
subcircular in section, becomes elongated in the direction of the 
long axis of the mouth, and at the same time the tentacles, mesen¬ 
teries, and septa increase in number. A constriction, at right 
angles to the long axis of the mouth, involves first the mouth, 
then the peristome, and finally the calyx itself, so that the zooid 
and its corallite, previously single, becomes divided into two. The 
part played by the septa and theca will be best understood by a 
study of Fig. XXX. 5. After division the two corallites grow 
upwards; at first their zooids are united by a bridge of soft tissue 
or edge-zone, but as they grow further and further apart this con¬ 
tinuity is broken, each corallite is clothed externally to a greater 
or less extent by its proper edge-zone, and, as the interseptal loculi 
become closed below by dissepiments, alj organic connection 
between the two zooids is eventually lost, though the corallites 
remain attached to one another. There are, however, forms 
not far removed from Mussa in which the corallites are closely 
apposed after division, the continuity of the edge-zone is not 
broken, and growth leads to the formation of a coenosarc which, 
as in the case of colonies produced by gemmation, gives rise to a 
coenenchyme filling up the spaces between the corallites. The 
complex Maeandrine corals are produced by incomplete division 
which involves the mouth, and to some extent the peristome, but 
does not extend to the calyx. Repetition of this incomplete 
division gives rise to long Maeandrine channels, each containing 
numerous zooid mouths. 

Unequal division may be studied in Lopltohdia prdifera and 
allied forms, and the process is illustrated in Fig. XXX. 3, 4. 
Instead of the whole calyx undergoing division, a small portion of 
it is constricted off to form a young zooid which, in its earliest 
stage, looks like a bud on the margin of the calyx. Reference to 
3 shows, however, that the process of unequal division differs 
from that of. gemmation in that, in the former, the theca, septa, 
and columella of the young zooid are directly formed fiom corre¬ 
sponding structures in the parent. As growth proceeds, the smaller 
or daughter calyx becomes more and more separate from the 
larger or parent calyx, and eventually it looks like a lateral bud 
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borne by the latter, the cavities of the two being still in free com¬ 
munication below. As a rule, this communication is eventually 
cut off by a secondary deposit of calcareous tissue, and then the 
two aooids are united only by their confluent edge-zones. But as 
growth proceeds this union also is broken, and the zooids in the 
older parts of the colony are isolated, and have no organic connec¬ 
tion with one another (see Fig. XXX. 4). 

The classification here adopted is based upon Martin Duncan’s 
revision of the Madreporaria (79), with the modifications intro¬ 
duced by Quelch (86). It cannot be pretended that it is a natural 
or a satisfactory classification, yet it is the best which can be 
offered in the present state of our knowledge. Other systems 
have been proposed, but they have not stood the test of criticism, 
and have been ephemeral. Milne-Edwards and Haimo divided 
the Scleractineae into five sections—Aporosa, Perforata, Rugosa, 
Tabulata, and Tubulosa. The two last named have long since 
been broken up and their families distributed, some among the 
Alcyonaria, others among the Aporosa. The Rugosa, also termed 
the Tetracoralla, held their ground for a long time ; but* it has 
been shown that the structure of the skeleton of the rugose corals 
does not differ from that of recent corals, and the tetrameral 
symmetry, which so many of them exhibit, is to be considered of 
less importance, since it has been shown that a hexameral symmetry 
is by no means characteristic of recent corals. Moreover, the 
tetrameral symmetry is an inconstant feature in Rugosa. The 
discovery of Mosdeya latisUllata^ a reef coral from Wednesday 
Island, Torres Straits, leaves no doubt as to the close relationship 
of the Astraeidae to the Cyathophyllidae. Moseleya is a compound 
coral with polygonal calicles, a thin epitheca, a rudimentary theca, 
and the cavity of the calicle is filled up nearly to the margin by 
tabulae separated by an abundant dissepimental endotheca. The 
septa in idwlt calicles are numerous and give no indication of 
a hexameral arrangement, but in young calicles a tetrameral 
symmetry is distinctly visible, owing to the cruciate arrangement 
of four larger septa. Moseleya shows decided affinities on the 
one hand to a typical Astraeid, such as Piionastraea ; on the other 
hand to a Cyathophyllid, such as CyathophyUum regimi, and it cannot 
be doubted that the Cyathophyllidae and the forms allied to them 
can no longer be classified apart as Rugosa, but must be placed 
along with or close to the Astraeidae. 

There is some doubt as to the distinctness of the sections 
Aporosa and Perforata of M. Edwards and Haime. The anatomical 
features on which the division is based have been referred to abdve, 
but there are corals ranked among the Aporosa in which the theca 
is perforated by a few canals, and amongst the Perforata there is 
every grade between trabeculate and spongiose theca and septa 
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and a comparatively compact structure, the septa being aporose 
and the theca and coenenchyme traversed by a sparse canal system. 
The distinctness of the section Fungacea may also be called into 
question. The characteristic of the group is the presence of 
synapticula, which are transverse calcareous bars uniting adjacent 
septa. But such transverse bars are to be found in many corals 
not included alnong the Fungacea, e.g. in Stephanophyllia forniomsima^ 
Mich., and in some other Eupsamniidae. Fungia, the type of the 
Fungacea, is regarded by some authors as a perforate coral; but 
it must not be forgotten that in its young state it is aporose, 
and has all the characters of a typical Turbinolid, synapticula 
being developed only as 
the lip of the calyx ex¬ 
pands to form the char¬ 
acteristic fungiform disc. 

This indicates a close re¬ 
lationship between the 
Fungidae and the Tur- 
binolidae. On the other 
hand, thePlesioporitidae, 
now included amongst 
the Fungacea, are per¬ 
forate corals, and if the 
divisions Aporosa and 
Perforata are of any 
value, they are clearly 
out of place. The fol¬ 
lowing classification, 
then, is to be regarded 
as provisional and likely 
to be supplanted at no distant date by an entirely new arrange¬ 
ment. The sub-section Scleractiniae is very rich in genera and 
species; Duncan enumerates 343 genera, without taking account 
of the Rugosa. In this place only the more important and familiar 
genera will be cited, and the reader in search of further details 
is referred to] Duncan (19), Quelch (86), Moseley (82), and to the 
British Museum Catalogues of Madreporaria by Brook (12) and 
Bernard (13). 

[Since this article was written and in proof the work of Dr. 
Maria Ogilvie has been published. As a result of an extensive 
study of the microscopic characters of recent and extinct corals 
she divides the Scleractineae into two sections— Zaphrentoidea or 
Haplophracta and CyathophijUoidea or PoUaplophracta, The first 
section is divided into the sub-sections Coenenchyniata (families 
ParUidaef Madreporidaey PocUloporidae, Oeulinidae) and MurocoraUia 
(families Zaphreniidae^ Twhinolidas^ Amphiastraeidae^ Stylinidae). 

24 
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The second section is divided into the sub-sections Sephcorallin 
(families Cifiifhophtfllitlar, Astrueidae, Fmtjidae) and SjdHocondlitt 
(family Eupsammidae). Whilst recognising the value and sug- 
gestivenoss of Miss Ogilvie*s work, her classification cannot be 
adopted here, for it is oiwjn to serious criticism. The grounds for 
removing the Eupsammidae from the other Perforata seem to 
be scarcely sufficient. The sub-section Cocnenchymata appears 
artificial. The Murocoiallia are defined as corals which have 
a well-built theca, whose fibrous elements are set in a direction at 
right angles to those of the septa. In this group are included the 
Turbinolidae, and it is more than doubtful whether it can be 
predicated of all members of this group that they have a theca 
separate from the septa. Von Koch has recently shown (102) 
that the theca is an independent structure in the larval Caryophyllia, 
but as growth proceeds the distinction between the two becomes 
lost, and a section through an adult Caryophyllia shows that the 
septa are thickened and in contact at their peripheral ends, thus 
forming, in the upper moiety of the calyx, at any rate, a so-called 
pseudothecii, such as would characterise the group Septocorallia. 
For a discussion of the question as to the relations between theca 
and septa the reader should refer to the excellent memoir of von 
Koch (102).] 

Section 1. Apouos^v. 

Sinqjlc or colonial Scleractiueac with solid theca and septa not 
l»crforated by canals ; tlie theca may be epithecate. 
Ill colonial forms the zooids may he separate 
Irom one another, or, if in organic continuity, 
their cavities communicate only by means of 
superficial canals in the coenosarc. Family 1. 
Zaphrentipae. Solitary palaeozoic Scleractineoe 
with an epitliecal wall. Septa well developed, 
arranged piunately with regard to four principal 
septa, the main- and counter-septa. Tabulae 

present. Vesicular endotheca absent or scanty. No 
columella. Genera — Zaphrentisy Hafinesque and 
Clillbrd; AmpUxw^ M. Etlw, and H.; Oinphyina^ 
Uaf. and Olitfoixl; Streptelasinaf Hall (Figs. 
XXXIV. ami XXXV.), etc. Family 2. Tuuijino- 
LiDAE. Solitary Sclcractineae, or forming colonies 
by gemmation from the bases of the parent zooids 
or from a stolon-like expansion from the base of 
tlie iiarent zooid. Septa radial not pinnate. In- 
terseptal loculi open to the base, i.e, without tabulae 
or dissepiments. Sitii-Family 1. FLAiiELLXNA'k. 
The wall is epitliccatc. Genera — Flahelhm^ 
Lesfton; Duncunia^ Poui*talcs; Sck%t:ocnathu8y Pourtales; lUmotrochiuiy 
M. Etlw. and H.; PUurocynthm, Moseley; Dumophylluni^ Ehrenb. $ 
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BloitotrocJiWf M. £d\v. and H. ; Placocyathns^ M. £dw. The existence 
of an epithecate wall, with which is correlated the absence of a perisarc 
is sufticient to separate the Flabellinae from other Turbinolidae, and 
the same feature brings them into relationship with the Zaphrentidae. 
Further researches may lead to the inclusion of several fornis now classed 
as Turbinolinae amongst the Flabellinae. FhMlum variabile and 
Flacotrochxu laevis reproduce themselves asexually by a process of strobil- 
isation, and IJlastotrochus nutrix gives rise to lateral deciduous buds 
(see Semper, 91). Sub-Family 2. Turbinolinae. Group 1. Simplices. 
The zooids solitary. Genera— Smilotrochus, M. Edw. and H.; Turhinoliny 
M. Edw. and H.; Trochocyathw, M. Edw. and H.; Caryophylluty Lamarck ; 
Stephanotrochus, Moseley. Group 2. Gemmantes. Colonies are formed 
by gemmation from the bases of the parent zooids. Genera— Coenocyathus, 
M. Edw. (Recent and Tertiary); Gemmulatrochus^ Duncan. Group 3. 
Rbptantes. Buds are formed from a stolon-like expansion of the base 
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Schematic representation of tlie calyx 
of a Zaphrentid seen from below, c, main 
septum; g, counter - aeptuiu; tt, traus* 
verse septa; ctj, chief quadrant: 97 , 
counter quadrant. Tlie numbers indicate 
the order in which the septa are formed. 
In the chief quadrants the secondary 
septa radiate from the chief septum, the 
most recently formed lying nearest to the 
transverse septa, the oldest nearest to the 
chief septum. In the counter quadrants 
the secondary septa radiate from the 
transverse septa, and the most recently 
formed are nearest to the counter septum. 


of the parent zooid. Genera— Polycyathus^ Duncan; AgeUcyatKuSy 
Duncao. Family 3. Oculinidae. Aporosa, forming irregular branching 
colonies. Asexual multiplication by mural budding. The walls of the 
corallites increase in thickness exogenously, the thickening (coenenchyme) 
being due to the activity of the calicoblastic layer of the edge-zone. Genera 
— Neohelia, Moseley; Lophohelia, M. Edw. and H. ; Oculina, M. Edw. and 
H. ; Styhphoraf M. Edw. and H. ; MadracU^ M. Edw. and H. Family 4. 
Pocilloporidae. Colonial Aporosa with tabulae. Two larger septa, 
axial and abaxial, are present, and traces of ten smaller septa. Genera— 
PociUoporOf Lamarck; Smatopora^ Lamarck. For an account of these 
two genera see Moseley (81) and Fowler (25). In Seriatopora stdmlata 
there are twelve mesenteries, of which those corresponding to 1, 1; 2, 
2; 3, 3 ; 4, 4 in Rhodactis and Manicina (see above, p. 43) are longer 
than the others, but only 1 , 1 bear filaments. Family 6 . Astraeidae. 
Simple or colonial Aporosa with dissepimental or vesicular endothcca ; 
with or without tabulae. A solid intercalicular coenenchyme rarely 
developed. An epiiheca surrounds the base of massive and Micandroid 
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forms, but only surrounds individual corallites in simple or branching 
forms. Sub-Family 1. Astraeinab, A. Simplices. Genera—Troc/w- 
smiZia, M. £dw. and H.; Placomilia^ M. £dw. and H., etc. B. Beptantes. 
Genera— Cylicia^ M. Edw. and H.; Astrangw^ M. Edw. and H. C. 
Gemmantea Genera— Cladocora, M. Edw. and H.; Goniocora, M, 
Edw. and H. (Trias, Lias, and Oolite), etc. ' D. Caespitosae. Genera 
— Eusmilia^ M. Edw. and H.; Mi^ssa^ Oken. E. Confluentes. Genera 
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1. —Vertical section through the corolluiii of Caryophyllia Sniithii, showing the theca, 
septa, pall, columella. 

2 . —View of an individual of the same species from above. 

S.—’FlaUHum a specimen viewed from the side. 

4. —Tlie same viewed from above. 

5. —Enlarged view of an axial calicle, with stirrounding caliclea, from a branchlet of 
Madrepora. The })erforate character of tiie theca and coeiienchyme is well seen. 

6 . —View of a portion of a colony of (hUujxa laperoasiamt showing corallites projecting 
from an abundant peritheca. 

— Euphyllia^ M. Edw. and H. ; Diploriay M. Edw. and H. ; Manicina^ 
Ehrb.; Mceandrina^ Lam.; Coeloria, M. Edw. and H. ; Hydnophora^ M. 
Edw. and H. F. Agglomeratae flssiparantes. Genera— Favia^ Oken; 
Gonicutrcea^ M. Edw. and H. G. Agglomeratae gemmantes. Genera— 
Heliastraay liL Edw. and H.; Echinopora^ Dana; Gataxea^ Oken; 
Imstrmy M. Edw. and H. (Trias, Cretaceous, Miocene); Mertdina, Ehrb. 
For a fuller account of the Astraeinae see Duncan (19). Ogilvie (84a) has 
recently broken up the Astraeinae, separating the Eusmilinae, M. Edw. 
and H., from them and placing the Trocliosmiliacea, M. Edw. and H., 
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among the Turbinolidae ; Euphyllia and llhipidogyra and their allies 
form a new family, the Amphiastraeidae ; Galaxea is placed.in Klnnzinger’a 
family, the Stylinidae. See her paper, pp. 159-167. Sub-Family 2. 
Cyathophyllinae. Solitary and colonial Astmeidae, never 3kIa*android. 
Tabulae and vesicular endotheca present Genera 
—Mosckyuj Quelch ; Cyathophyllnnij Goldfuss 
(Devonian, Carboniferous, and Permian). Sub- 
Family 3. Staurinae. The septa show a 
marked tetrameral arrangement No columella. 

Genus— Stauria, M. Edw. (Upper Silurian). 

Sub-Family 4. Cystiphyllidae. Septa rudi¬ 
mentary ; calicles filled with vesicular endotheca. 

Genera— Cystiphyllum^ Lonsdale (Silurian and 
Devonian); Michelinia^ de Kon. (Carboniferous). 

In the sub-family Goniophyllinae the calyx is 
j)rovided with a movable calcareous operculum. 

Genera —Ginnophyllurrif M. Edw. and H. (Silur¬ 
ian) ; the operculum formed of four paired pieces, 
attached to the four sides of the lip of the calyx 
and reaching with their pointed ends to the 
centre. Rkizophyllum, Lindstrom (Silurian); 
the operculum simple, semicircular, with a 
median ridge on its inner face, and numerous striae parallel to it. 
Oalceola, Lam.; the operculum thick with a stout median septum 
and numerous feebly developed secondary septa. 

Following Quelch the Cystiphyllidae are here placed with the 
Astraeidae. Ogilvie, whilst remarking on their affinities with the Astraeidae, 
places the Cystiphyllidae in the same group as the Eupsammidae under 
the name Spinocoralliti, loc. cit. pp. 324, 325. 

Section 2. Fungacea. 

Solitary or colonial Scleractiniac. Septa united by synapticula, which 
cross the interseptal loculi and perhjrate the mesenteries. 

Family 1. Plesiofunqidae. Colonial or simple Fungacea. Septa 
generally solid and imperforate ; united by synapticula. Genera— Sider- 
astrcea^ Blainv.; Thamnostma, Lesauvage ; Lophoseru, M. Edw. and H.; 
Agariciay T.»amarck. Family 2. Fungidae. Simple or colonial Fungacea ; 
usually depressed or discoid. Theca more or less synapticulate. Groui* 1. 
Solitary Fungidae. Genera —Fungutf Dana ; IHafuvgia, Duncan; Micra- 
bacia^ M. Edw. and H. The young form of Fungia is fixed, and either 
solitary or colonial, resembling in all its characters a turbinolid, such as 
CaryophyIlia. The fixed form developed from the ovum is calle<l a tropho- 
zooid. The free discoid adult, or anthocyathus is formed by the expansion 
of the upper part of the cajicle of the trophozooid. When this has 
acquired n disc shape, and its septa are united by synapticula, it is detached 
from the pedicle (anthocauhis) formed by the rest of the trophozooid, and 
is set free as an adult Fungia Three or four antliocyathi may be formed 
in succession from one trophozooid. For details the reader should refer 
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to Stutchbury (D3), Semper (91), and Bourne (8). Group 2. Colonial 
Fungidae. Genera— Halomitra^ Dana; Cryptahaciay M. Edw. and H.; 
Herpolitka^ Eschholtz. Family 3. Cycloskridae. Simple or colonial 
Fungaceo, in which the wall is not perforated. Genera— TrochoserU^ M. 
Edw. and H. ; Cijchmrisy M. Edw. and H. ; Bathynctu^ ^loseley; 
Bsammoserisy M. Edw. and H.; Podosens, Duncan ; Ctjathoserisy M. Edw. 
and H. (Cretaceous and Eocene); Mycediurriy Oken; Leptoserisy M. Edw. 
and H. ; Stephanariay Verrill. Family 4. Anabaciadae. Genus— 
Analxtciay d^Orb. Family 5. PLESioPORfriDAE. Septa trabeculate and 
perforate. Genera— Lepiophylluiy Reuss. (Jurassic and Cretaceous) ; Cyclo- 
Utesy Lamk. (Jurassic and Cretaceous) ; MaiandroseriSy Rousseau (Recent). 
This classification of the Fungacea can hardly be considered satis¬ 
factory, and requires revision after an extended study of the anatomy 
4ind development of different forms. The characteristic of the group is 
the presence of synapticula, but this would lead to the inclusion of the 
genus Stephanophyllia, Mich., which has been shown by Fowler (26) to 
])osse3s true synapticula. The Fungacea, as above classified, are connected 
with the Aporosa, on the one hand, through the Plesiofungidae, and 
with the Perforata, on the other hand, through the Plesioporitidae. But 
it should not be forgotten that the young Fungia is a typical Aporose 
coral, and it is probable that the Fungacea w'ill have to be broken up 
into two groups, which will belong respectively to the Aporosa and the 
Perforata, the presence of synapticula being a character of insufficient 
importance to justify the formation of a section Fungacea. 

Section 3. Perforata. 

Scleractiniae with a corallum composed chiefly or wholly of porous 
coenenchyma. The coclentera of the zooids composing a colony com¬ 
municate by means of coenenchymal canals. 

Family 1. Eufsammidae. Simple or colonial Perforata ; septa in 
several cycles ; the principal cycles imjTerforate. Genera— Stephanophylliay 
Michelin ; Leptopeiius, Moseley ; Balanophylliay S. Wood ; Eupsamnidy 
M. Edw. and H. ; Heteropsammiay M. Edw. and H. ; DeiidrophylHoy 
M. Edw. and H. ; Astroidee, Blaiiiv.; Rhodopsammiay Verrill. Family 2. 
Madreporidae. Colonial Perforata with abimdant coenenchyma, scarcely 
distinct from walls of corallitea Septa often porous and reduced. 
Genera— Madreporay Linn. ; Turhinaridy Oken ; Astroeopora, Blainv.; 
Montiporay Quoy and G.; Awicroporay Ridley. The genus Madrepora 
is exceedingly rich in species. For an account of the Madreporidae, see 
Brook (12). Family 3. Poritidae. Colonial Perforata with trabeculate 
septa. Genera— PoriteSy M. Edw. and H. ; Synaraxiy Verrill; Ganioporoy 
Quoy and G.; Bhodarmty M. Edw. and H.; Alveoporay Quoy and Gaim., 
etc. 
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Addendum. 

Since this article was written, the author has studied the structure and 
formation of the calcareous skeleton in a number of different genera of 
Anthozoa with the view of deciding the question whether the skeleton of 
the Scleractiniae is composed of entoplastic spicules as von Heider and 
Ogilvie assert, or whether it is an ectoplastic product as described by von 
Koch. The results of these investigations may be briefly summed up as 
follows:—In all the Alcyonaria except Heliapora the calcareous skeleton 
consists of spicules, a **spicule” being the entoplastic product of a single 
cell or of a coenocyte. The spicule is covered by a sheath of organic 
substance, and its axis is traversed by an organic thread or bundle of 
threads from which other organic threads radiate outwards and are 
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attached to the spicule sheath. The inorganic constituents of the 
spicule show a complex, fibro-crystalline structure, the component 
crystalline fibres always being oriented in a definite manner with 
regard to the organic threads. In Heliopora the skeleton is not spicular 
but lamellar, resembling in structure that of the Scleractinian corals. It 
is not formed of a number of fused spicules, but is secreted by a special 
layer of cells derived from the ectoderm and called calicoblasts. The 
calicoblasts are separated from the corallum by a fine membrane. At 
intervals in the layer of calicoblasts and lying among them are peculiar 
structures which will be called desmocytes. These are wedge-shaped 
bodies, with their narrower ends attached to the mesogloea, their broader 
ends attached to the corallum. Tliey exhibit a faint but distinct 
longitudinal striation, which is not due to the presence of needles of 
carbonate of lime. The desmocytes are most abundant in the older parts 
of the colony, and are absent or only represented by early stages of 
development in those parts where coral growth is most active. There 
can be no doubt that the desmocytes of Heliopora are homologous with 
the similar structures in Scleractinian corals, discovered by von Heider 
and called by him calicoblasts. After examination of a large number of 
Scleractiniae the present writer found that (I) the corallum is everywhere 
clothed by a layer of cells either rounded, columnar, or fused together, 
which form the true calicoblastic layer; (2) that the calicoblastic layer is 
separated from the corallum by a fine membrane; (3) that desmocytes (von 
Heider’s calicoblasts) occur at widely separated intervals in the calicoblastic 
layer, except along the lines of insertion of the mesenteries, where they are 
numerous and closely crowded together; (4) that each desmocyte is the 
product of a single cell; (5) that the striations of the desmocytes are not 
due to the presence of spicules of carbonate of lime as von Heider 
supposed, since they give none of the optical effects of crystals ; (6) that 
desmocytes do not occur in the regions of most active coral growth. The 
conclusion arrived at is that the desmocytes, both in Heliopora and the 
Scleractiniae, have no share in coral formation, but serve, as Fowler 
suggested, to attach the soft tissues to the corallum. A study of the 
costal spines of Madrepora rosacea showed that the carbonate of lime 
secreted by the calicoblasts is deposited in the form of minute crystals on 
the far side of the limiting membrane wdiich separates the calicoblasts 
from the corallum. These minute crystals are oriented conformably to 
the crystalline structure of the previously existing corallum, and eventually 
become merged into its structure. Thus von Koch’s view that the corallum 
is secreted by the calicoblastic layer derived from the ectoderm is shown 
to be correct (see Quart, Jour, Micro, Sei vol. xli. 1899, p. 449). 
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ScUrf^Uumf 34 
Scyialiums 34 
Scytophorus, 48, 50 
Semper, 76 
Semperifia^ 25 
sense-cells, 9 
septa, 8, 62 
SeptocoraUiaf 72 
Seriatoporat 73 
Shaw, 3 
Sieyonidae, 61 
SieyoniSf 47, 61 
Siderastnea, 75 
Siebold, C. von, 4 
•iphonoglyphe, 7 
Siph&nogorgia^ 25 
Sijfhanogarginae, 26 
siphonotooids, 11, 30 
skeleton, 13, 37 


Smilotroc/iiis, 73 
solenia, 14, 16 
SuUuocaulottt 25 
Sphenopidae, 58 
SphenopttSf 58 
Spongiodenna^ 25 
Spangiodermvute, 25 
Spwitjodes, 24 
Spowjotlinae, 24 
Stachyodes^ 28 
Stachyptilidaej 34 
Siachyptiium, 34 
StaunUf 56, 75 
Staurinaef 75 
SUlechotoieat 19, 28 
Stenella, 28 
Stenogorgiaf 28 
SUnopora, 22 
StephanactiSf 61 
Si^hanaria, 76 
Stephanophyllia, 71, 76 
Stephanotrockua^ 73 
Stidwpathti^ 57 
StoUmifera^ 19 
stomodaeum, 7, 38 
Streptelasuna^ 56, 72 
Stutchbury, 76 
StyUUvlOf 84 
Stylohdemnon, 34 
^ylophora^ 73 
Suheka^ 25 
Suberogorgiot 25 
sulculus, 7, 37 
sulcus, 7, 11, 37 
SiviftiOt 28 
Sympodiunit 17, 20 
SyncUcyoTiacea, 15 
synapticula, 63 
Synarcea, 76 
Syringolitea^ 22 
Syringopora^ 21 
Syringtygofidae^ 21 

Tabemaemontanus, 8 
tabulae, 63 
TamcUa^ 61 
TaxipoXha^ 57 
Tealia, 46, 61 
TedLiidaef 61 
TeUitidae, 29 
Tc^o, 18, 30 
tentacles, 5, 37 
Tetracmdla^ 56 
Tkaloiaianthidaef 61 
Thalaaiianthinat^ 61 
ThaUmiaiUhnt^ 61 
Thaimuutmaf 75 


theca, 62 
ITiecut, 37 
T/iecidae, 36 
Theophrastus, 2 
Tfumarella, 28 
Titanidetim^ 25 
Touniefort, 3 
Trembley, 3 
Triactis, 61 
TiichoptUunu 84 
Trochocyatk-iia^ 73 
IVocfioset'iSj 76 
Trochomiliaj 74 
trophozooid, 66, 75 
Tuhipora, 21 
Tvbiporidoitt 21 
Turhiivaria^ 76 
Turhinolia^ 73 
Turhinolidae, 71, 72 
Turhinolinaty 73 
57 

Umbtlhda^ 84 
UmheUulidae^ 33, 34 
unequal division, 69 

Vaughau-Thompson, 4 
ventrum, 7 
VeretUlidaet 33, 84 
VeretUlum^ 84 
VUlogorgia^ 28 
Virgularia^ 34 
VirgiUaridae, 33, 34 
Kirpntorinae, 34 
Voeringia^ 25 

Wilson, £. B., 4 
Wilson, H. V., 68 
Wotton, 2 
WrighUUii^ 25 

Xenia^ 17, 28 
XeniUlae^ 17, 23 
Xiphigwrgia^ 28 

Zaphrentidaet 71, 72 
XaphrentiSf 72 
JSapfirentaideOt 71 
Xoantharia, 37 
Zoaiithidae, 58 
XoaiUhidea, 49, 58 
ZoaiUhus, 58 
zoochloreilae, 10 
zooid, 5 
zoophytes, 2 
zooxanthellae, 10 






THE CTENOPHORA 


attention of the earlier zoological circumnavigators, Peron, Lesueur, 
Quoy, Gaimard, and Chamisso; and in 1829 Eschscholtz assigned 
to them the systematic position near the Medusae, which they 
have retained ever since. After Eschscholtz the Gtenophora were 
studied by many observers, particularly by Leuckhart, Kolliker, 
Gegenbauer, Fol, L. Agassiz, and Allman, and lately they have been 
more closely studied by Kowalevsky, A. Agassiz, MetschnikofT, 
and especially by Chun, whose monograph, forming the first 
volume of the Fm/m and Flora of the Gulf of Naples, is the 
standard treatise on the subject. 

The fundamental structure of the Ctenophora may con¬ 
veniently be studied in two species, which may be procured in 
abundance off the English coasts in the spring, summer, and 
autumn months, Pleurobrachia pileus, Fabr. (= P. rhododactyla, 
Agassiz), and Hormiphora plumosa, Agassiz. 

The body is ovoid, and in Hormiphora it tapers somewhat 
towards one end, on which is placed a wide aperture compressed 
from side to side ; this is the mouth. At the opposite end of the 
body is a shallow depression containing a sense organ of char¬ 
acteristic structure. The line connecting mouth and sense organ 
is the chief axis of the body; the extremity, at which the mouth 
is placed, is distinguished as the oral pole, the opposite extremity 
as the aboral or sensory pole. 

The surface of the body is beset with eight meridional rows 
of modified ectoderm, bearing very long cilia, fused together and 
so disposed as to form a series of swimming plates called combs 
or ctenes. The meridional rows are termed ribs or costae, 
and they divide the body into octants. In both Hormiphora 
and Pleuroh'ochia they begin at some little distance from the 
aboral pole, in Hormiphora they extend downwards over about 
two-thirds of the body, in Pleurobrachia pileus they reach down¬ 
wards nearly to the mouth. On either side of the body, in 
an interspace between two costae, is a pouch leading into a 
considerable cavity hollowed out in the gelatinous body. From 
each pouch projects a tentacle, a long solid filament furnished with 
numerous accessory filaments. 

The mass of the body is composed of a gelatinous substance, 
so transparent that the main features of the internal anatomy 
may be studied without dissection. The mouth leads into a 
tolerably spacious sac which, like the mouth itself, is compressed 
from side to side. This sac, usually called the stomach, is developed 
as a secondary invagination of the epiblast, and is therefore a 
etmodaewn. It extends upwards for some two-thirds of the way 
towards the aboral pole, and there opens by a small orifice into a 
second sac, the infundibulum, which is also compressed from side to 
side, but in a plane at right angles to the first. Following Claus’s 
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enteron, though the process of digestion is, for the most part, 
carried on in the stomodaeum, which is provided in its upper 
portion with a pair of longitudinal thickenings, the stomodseal 
folds, serving to increase its surface. The products of digestion 
pass into the infundibulum, and are thence distributed to all parts 
of the body by canals which, taken collectively, constitute the 
gastrovascular system. The gastrovascular canals, like the infundi* 
bulum, are lined with endoderm. 

We may conveniently distinguish two sets of canals—vertical 
and horizontal. The vertical canals consist of a pair running 
mouthwards, and a single axial vessel passing towards the aboral 
pole. The former are blind diverticula running down, one on each 
flattened side of the stomodaeum, and ending in the neighbour¬ 
hood of the mouth (Fig. I. 1, 2, s/c). The aboral vessel runs 
straight towards the sense organ, bifurcates at a short distance 
below it, and each branch again divides to form a pair of small 
sacs or ampullae which lie immediately below the ectoderm, and 
underneath the aboral sense organ. Each of the ampullae lies 
in one of the angles formed by the intersection of the sagittal and 
transverse planes. Two of them are closed sacs, but two, lying 
diagonally opposite to one another, open to the surface by small 
pores in the neighbourhood of the polar fields. It is a rule, with¬ 
out exception, in the Ctenophora that, if the animal is viewed from 
the sagittal aspect, the ampulla farthest from the spectator on the 
left, and the one nearest to him on the right, open by these so-called 
excretory pores (Fig. I. 4, and Fig. II. 1, ex'p). 

The horizontal gastrovascular canals serve to place the infundi¬ 
bulum in connection with the bases of the tentacles, and with the 
eight meridional canals which run immediately beneath the costae. 
A single pair of wide vessels, lying in the transverse plane, starts 
from the infundibulum at the level of its opening into the stomo¬ 
daeum. Each transverse vessel, after a short course, bifurcates at 
a wide angle, and its branches again divide, forming on either 
side of the body four canals, two of which are sub-sagittal and two 
sub-transverse (Fig. L 3, 5). Each canal passes direct to a costa, 
and beneath it is produced orally and aborally into a long diver¬ 
ticulum which lies immediately below the costa and ends blindly, 
forming the sub-costal meridional canal. The gonads are developed 
on the walls of these sub-costal canals. 

The space between the stomodaeum, gastrovascular system, 
and body walls is occupied by a gelatinoid substance, in which are 
imbedded numerous muscle fibres, whose structure and arrange¬ 
ment will be described further on. 

The sensory organ at the aboral pole consists of a shallow de¬ 
pression of the ectoderm, lined by a modified and probably sensory 
epithelium. Within many of the epithelial cells are formed cal- 
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careouB sphaeroids (otoliths); and, according to Samassa (21), 
when the otoliths are fully formed, they are ejected, still sur¬ 
rounded by the remnants of the cells in which they were formed, 
and become aggregated together to form a mulberry-like mass. 
The otolith mass is supported by four “ balancers,*’ delicate lamellae 
of peculiar shape formed by fused cilia. The whole structure, 
sensory pit and otolith mass, is covered over and protected 
by a transparent dome formed by fused cilia (see Fig. II. 1, 2). 
The four balancers lie in the angles of intersection of the sagittal and 



1. ~Surface view of the sense ormu of Honniphtmi iUnmosa. 1% polar fields; rr, ampullae ; 
»j), excretory pores; x. groups of gland cells; r/, ciliated ftirrows. (After Clinii.) 

2. —The same seen from the side, of, otolith mass; cu, cupule formed of fused cilia. 


transverse planes; from the base of each of them two rows of ciliated 
furrows run outwards to end in the uppermost comb of each costa. 
The sensory pit is produced on either side, in the sagittal plane, 
into an elongated band-like ciliated tract. These tracts are 
known as the polar fields (Fig. 1. 4, and Fig. 11. 1, P/), and it 
was supposed that they served as olfactory organs, but Samassa 
(21) states that they are nothing more than tracts of simple 
ciliated epithelium, devoid of sensory cells, so their function re¬ 
mains unknown. Samassa denies the existence of any nervous 
structures beyond those already mentioned ; but Hertwig (13), 
whose observations have recently been confirmed by Bethe (5), 
describes a sub-epithelial nerve plexus similar to that which occurs 
in Medusae. 
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In the majority of the Ctenophora locomotion is efiectod solely 
through the action of the combs of the costae. Only in the much 
modified family of the Cestidae is the ciliary action supplemented 
by sinuous movements of the elongated, band-like body. 

A costa is made up of a number of short transverse rows of 
modified ectoderm cells, bearing exceedingly long cilia. The cilia 
arc fused together to form the swimming plate or comb. The 
basis of each comb is a cushion composed of large columnar cells : 
these cells have broad bases and narrower ends, so that they con 
verge together (Fig. III. 5). According to Samassa, the ciliated 
cells of one comb are in direct organic continuity with those of the 
next succeeding comb by means of branched processes of the bases 
of the cells, which processes traverse the intervening s})ace, and admit 
of stimuli being conducted from comb to comb (Fig. 111. 4). The 
cilia are borne on the narrower ends of the columnar cells, and are 
fused to form a plate which is bent downwards at a tolerably sharp 
angle at a short distance from the surface. When in action the 
comb is straightened out so as to give a sharp stroke in an upward 
—that is, in the aboral—direction, and then it swings slowly back 
to the bent position of rest. The coiiiIks of each costa contract in 
succession from the aboral towards the oral polo, their successive 
action giving rise to the ap[)earance of a wave travelling in the 
same direction. It follows that the action of the combs drives the 
animal through the water mouth forwards, its progress being just 
the opposite to that of a Medusa. The activity of the combs of 
each costa is directed and controlled by the aboral sense organ. 
The structure of the latter shows it to be an organ of balance. If 
the Ctenophore be tilted over to one side the otolith mass bears 
down upon the balancer of that side, and the impulse thus originated 
is transmitted from cell to coll of the ciliated furrows till it reaches 
the first combs of the costae to which the furrows are distributed. 
These combs immediately contract, and the stimulus is conveyed 
from comb to comb by moans of the processes of the ectoderm cells 
described above. Thus the ciliated furrows function as nerves, 
though they do not contain nerve fibres or nerve ganglion cells, 
and the transmission of stimuli is effected by simple cell contact. 
It must be borne in mind, however, that there is also a sub- 
epithelial nerve plexus with ganglion cells and nerve fibrils, though 
the latter are not known to be connected with the aboral sense 
organ. 

The tentacles of the Ctenophora serve for the capture of prey, 
and are not used in locomotion. They are most fully developccl 
in the Cydippidae {Hormiphora and Pleurohrachia); are presSnt, 
though much modified, in the Cestidae and Lobatae, but are absent 
in the Beroidae. In PleuroWachia and Horniiplwra the tentacle, 
consisting of a tentacular base and the tentacle proper, is retractile 
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within the tentacle sheath, a wide sac-like invagination of the 
ectoderm. The tentacular base is the broad proximal extremity of 
the tentacle, and is inserted on the inner or axial side of the 
tentacular sheath. It is penetrated by a pair of saccular cavities 
which are prolongations of the transverse gastrovascular canals. 


^ Jial 




1. —Two lasso-cells (after Saniassa). gl, glandular portion of lasso-cell; c/, central filament; 
iff spiral filament; n, nucleus of central filament. 

2. —Section through the epithelium of the base of a tentacle of Hormiphora, showing the 
development of the lasso-cells from, gc, gland cells and, c/, filaments formed from, in, the 
interstitial tissue. 

8.--TWO otoliths of Beroe (after Samassa). n, nucleus. 

4.-->Section through the ectotlorrn cushion at the base of a comb. He, basal cells of the comb; 


.■^.—Diagrammatic section through a comb. Be. basal cells; cil, plate formed of fhsed cilia. 
(After Chun.) 

r>.—Attacnment of the radial muscles, rm, to the stomodaeal sphincter muscles, rim, in Beroe. 
(After Samassa.) 

7. —Epithelium of Cestus veneris, showing gland cells, glc; in various stages of development 
imbedded in a coenocytial interstitial tissue, it. 

8 . —Diagram showing the position of the ovaries, or, and the spermaries, t, in the hypoctenial 
diverticula of the meridional canals in Eucharis mnlticornis, and in Boiina eUata. 

9. —Digram showing the position of the ovaries and spermaries in Detopea kaloktenota and 
Bolinnk^tHna. 

10 . -—Diagram of the tentacle base of Hormiphora plumosa, after Chun. {, infundibulum; 
st, stomodaeum; etc, stomodseal canal; fr, tentacular canal; of, accessoiy filament; m, 
muscles; (sA, tentacle sheath. 


The partition between the tentacular canals is called the tentacle 
stem; it contains muscles which converge from the wall of the 
tentacle sheath to the tentacle itself, where they form a solid axial 
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cord, from which muscular slips are given off to the accessory 
filaments. The tentacle itself is a solid, muscular, and exceed¬ 
ingly extensile filament (Fig. III. 10). The accessory filaments 
are simple and thread-like in Pleurobrachia^ but in Hormiphora 
certain of them are thickened and furnished with digitiform 
appendages which, from their supposed resemblance to a minute 
Eolis, are often called eolidiform appendages. The whole surface 
of the tentacle and its accessory filaments is covered by densely 
crowded “ lasso-cells,” structures characteristic of the Ctenophora, 
which will be described in detail further on. 

The musculature of the Ctenophora is wholly derived from 
the mesoblast, and there are no epithelio-muscular cells. The 
muscle fibres are for the most part much branched, and are not 
grouped into bundles except at the bases of the tentacles, in the 
tentacles themselves, and in the regions of the mouth and aboral 
sensory organ, where they form sphincters. There is a well-marked 
layer of musculature under the body wall, consisting of an external 
layer of longitudinal, and an internal layer of transverse fibres. A 
similar musculature invests the stomodaeum and the gastrovascular 
canals. The gelatinous subsUnce of the body is traversed by 
numerous fibres, whose general direction is radial, from the stomo¬ 
daeum and gastrovascular system to the body wall. 

The histology of the Ctenophora has been carefully studied by 
Samassa (21), to whose paper the reader is referred for details. 
The epithelium of the body is peculiar, being formed of large gland 
cells lying in an interstitial tissue, in which many nuclei, but no 
cell boundaries, are to be distinguished. In the neighbourhood of 
the aboral sense organ, the ciliated ridges and the costae, the gland 
cells become smaller and less numerous, and the interstitial tissue 
is replaced by a simple cubical epithelium. The most characteristic 
histological feature of the Ctenophora is the presence of the 
lasso-cells (Fig. III. 1, 2). Each lasso-cell has the shape of a 
hemispherical cup, the convexity turned outwards and covered 
with minute sticky papillae. To the inner concave side are 
attached two filaments : the one an exceedingly fine central proto¬ 
plasmic thread, in the upper part of which a much attenuated 
nucleus can generally be distinguished. The other is a contractile 
fibre thicker than the first, attached like it to the centre of the 
convex surface of the cup, and coiled in the first part of its course 
in a close spiral. Eventually the spiral thread tapers off into a 
fine filament, which, according to Chun, is attached to the muscle 
fibres forming the axis of the tentacle. The lasso-cells lio c^ose 
together, forming a complete investment for the tentacle, with only 
very sparse interstitial tissue between. When any foreign body 
comes into contact with the tentacle, the lasso-cells adhere to it 
by their sticky convex surfaces, are withdra*^n from the surface, 
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and the object is held fast by the spiral thread which remains 
attached to the tentacle. 

According to Samassa, the lasso>cells are formed from two cell 
elements. The hemispherical cup is the product of a meta¬ 
morphosed gland cell the nucleus of which may often be dis¬ 
tinguished in the convexity of the cup near the point of attachment 
of the spiral thread. The straight, thread-like filament and the 
spiral, contractile filament are formed from an elongate cell, which 
is apparently a metamorphosed intei-stitial cell. If Samassa's 
account is correct, it is obvious that there is no homology between 
the lasso-cell, composed as it is of two metamorphosed cells, and 
the nematocyst which is the entoplastic pi oduct of a single cell. 

All the Ctenophora are monoecious, the ova and spermatozoa 
being formed from the endodermic epithelium lining the sub-costal 
meridional canals. The ova are developed on one side, the 
spermatozoa on the other side of each canal. In the sub-sagittal 
canals the ova are borne on the sides nearest to the sagittal plane, in 
the sub-transverse canals they are borne on the sides nearest to the 
transverse plane. In Pleurohrachia and Hormiphorciy as in the 
Cydippidac generally, the ovaries and spermaries are simply 
paired outgrowths from the walls of the meridional canals, and 
extend as two long bands throughout the entire length of each. 
As a rule, all the eight meridional canals bear gonads in the 
Ctenophora, but in Etichlora rubra and Charisfephane fugiens the 
gonads are formed only in the four sub-transverse canals. In the 
Lobatae and Beroidae the gonads, whilst occupying the typical 
position, are somewhat modified in detail. In the former group 
the meridional canals are produced laterally to form diverticula 
underlying each comb. In Eucharis multicornis and Bolina alafa 
the ova and spermatozoa are found in these diverticula only, but 
in Deiopca and Bolina hjdatim the diverticula are sterile, the 
l oproductive cells being confined to the sections of the meridional 
canals which lie between successive combs (Fig. III. 8 and 9). 
In the Beroidae the meridional canals are produced laterally into 
short, branched diverticula in which the sexual cells are developed 
(Fig. X.). 

The ova in most cases are deposited singly and are fertilised 
in the sear water. The breeding season in Northern seas lasts 
through the summer months, in the Mediterranean throughout the 
year. The ovum is centrolecithal, consisting of an inner vacuolated 
mass surrounded by a layer of granular protoplasm. It is cnveloi)cd 
by a vitelline membrane rather widely separated from the surface of 
the egg, the 8i)ace between being filled with a gelatinous substance. 

The most interesting feature in the devclo])ment of the Cteno¬ 
phora is the formation of a definite mesoblast. Wo owe this 
important discovery to Mctschnikofl* (18), whose observations 
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have been confirmed in all essential particulars by the unpublished 
researches of Mr. T. H. Eiches. The segmentation is holoblastic. 
By three successive meridional cleavages the ovum is divided into 
eight blastomeres, in each of which the granular protoplasm is 
aggregated at one pole, the vacuolar deutoplasm at the other 
pole (Fig. IV. 2). By an equatorial division a portion of the 
granular protoplasm is next segmented off from the upper pole 
of each blastomere, the embryo now consisting of eight upper 
protoplasmic micromeres and eight large inferior macromeres (3). 
The succeeding divisions lead to increase of the number of micro¬ 
meres which are formed partly by continued budding off of small 
cells from the four macromeres, partly by division of the eight 
micromeres first formed. When some thirty to fifty micromeres 
are present the macromeres cease to bud ofi‘ fresh micromeres and 
themselves divide. Reference to Fig. IV. 4 shows that the eight 
macromeres are not all of equal size. There are four larger macro¬ 
meres, median and inferior, and four smaller macromeres, lateral 
and superior. The median macromeres divide first, the lateral 
somewhat later, and this sequence is followed through the suc¬ 
ceeding steps of development. In the next stage (6) the embryo 
is ring-shaped, consisting of a circlet of sixteen macromeres 
surrounding a central cavity widely open both above and below. 
On one aspect, which we may at once call the aboral aspect, the 
macromeres are covered over by the continually increasing cap 
of micromeres. The micromeres at this stage show a four-rayed 
symmetry, and on the aboral aspect they surround a cross-shaped 
opening, the pseudoblastopore, erroneously described by Chun (6) 
as the blastopore. The micromeres spread more and more over 
the surface of the macromeres and extend towards the lower 
surface. The next stage leads to the formation of the mesoblast. 
The nuclei of the sixteen macromeres, which at first were situated 
near the aboral pole, travel towards the opposite pole (7). The 
micromeres meanwhile have increased in number, the size of the 
pseudoblastopore is decreased, and there is at the lower pole a 
roughly quadrilateral area bounded by micromeres which is the 
true blastopore. Next follows a fresh division of the macromeres; 
first the eight median, later the eight lateral macromeres bud off 
each a small cell at the blastoporic pole, thus there is formed a 
median group of sixteen cells, which are the mesoblast. The 
three germ layers are now established. The micromeres form 
the epiblast, the macromeres the hypoblast, and the sixteen cells 
above mentioned are the mesoblast. Thus far the embryo has 
been formed by epibolic growth of the epiblast over the hypo¬ 
blast. This is now succeeded by a process of embole. The 
macromeres are rotated in such a manner that their previously 
lower ends face inwards, their previously upper ends face out- 




THE CTENOPHORA 


II 


wards. As a result of this change of position a central cavity, 
the enteron, is formed, and the mesoblast cells are carried 



Fia. IV.-^Development of Callianira bialata (after Metachnikoff)- 


1. —Ovum surrounded by the vitelline membrane. 

2. —Stage with eight blastoineres. 

8.—Side view of a stage with sixteen blastomeres, eight larger macromeres, mac, and eight 
smaller micromeres, mir. 

4. ~A similar stage viewed from above. 

5. ~Side view of a later stage ; the micromeres have increased in number, and the macro* 
meres are beginning to divide. 

e.^Aborai surface of an older embryo. The micromeres form a four-rayed plate, covering 
the upper surfaces of the macromeres and surrounding a cross-shaped cavity, the pseudo- 
blastoiiore, pbl. 

7. —-Vertical section of the same embryo as the preceding, showing the large macromeres 
covered by the micromeres, except in the regions of blastopore, M, ana pseudoblastopore, psb. 
The nuclei of the macromeres are now at the blastoporic pole. 

8. ~Oral surfhce of an older embryo. M, blastopore; ntes, mesoblast plate; ee, ectodenn; 
en, endoderm. 

0.—Vertical section of an older embyro showing invagination, mes, mesoblast; the pseudo¬ 
blastopore is closed. 

10. —All embryo somewhat older than 0. 

11. —A later stage showing the stomodaeum, s(, the enteron, ent, and the mesoblast, mes, 
which is spreading out as a plate on either side beneath ectodermic thickenings, which are the 
priinordia of the tentacles. 

12. —Abonil view of a somewhat later stage, lowing the cross-shaped mesoblast plate, 
irw, wandering cells of the mesoblast. 

18.—Vertical section in the transverse plane of an embryo in the same stage as 12. so, sense 
organ; mss, mesoblast; (r, pdrimordium or the tentacle; ent, enteron; sf, stomodaeum. 

14.—A later stage, ft, tentacles; ml, ccrntractile muscles of the tentacles formed from the 
mesoblast; ms, mesenchymatous cells derived from the wandering cells of the mesoblast 
shown in 12. 


upwards from the blastoporic towards the pseudoblastoporic pole 
(9). According to Riches, the pseudoblastopore is closed before 
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invagination by concrescence of the epiblast at the upper pole, 
and the embryo is now a gastrula (10). A secondary invagination 
of the ectoderm gives rise to a stomodaeum, and the mesoblust 
cells travel to the aboral pole and spread out beneath the ectoderm 
to form a plate of cells from which all the muscles of the body are 
eventually developed. The tentacles are first seen as thickenings 
of the ectoderm in the transverse plane, to which two plates of 
mesoblast attach themselves. The mesoblast plates extend not 
only in the transverse, but also in the sagittal plane, so that a 
cross-shaped figure is formed, the exact significance of which is 
not known (12). It is supposed by some that it is an indication 
of the existence of sagittal tentacles in the ancestral Ctenophore. 
The sense body is formed from an epiblastic thickening at the 
aboral pole. The further stages of development can be understood 
by reference to Fig. IV. 13, 14, and the reader is referred to 
Metschnikoif's and Chun’s works for details. 

All the Ctenophora reproduce themselves sexually. There is 
no alternation of generations. In the Cydippidae and Beroidae 
development is direct, but in the Lobatae and Cestidae there is a 
metamorphosis. The larvae of these forms are cydippiform and 
only gradually acquire their adult characters. In connection with 
this metamorphosis a peculiar sequence of juvenile fertility, 
adolescent sterility, and adult fertility has been observed in the 
Lobatae, and has been named by Chun, its discoverer, Dimgony, 
In the warm months the cydippiform larvae of Eucharis multicornis 
and Bolina hydatim, as soon as they have escaped from the egg 
membranes, and whilst they are only some *5 - *2 mm. in diameter, 
become sexually mature and develop ova and spermatozoa in the 
four sub-sagittal meridional canals. The ova are fertilised and give 
rise to fresh cydippiform larvae. In the pjirent larva, after a brief 
period of sexual activity, the gonads degenerate and a barren period 
succeeds, during which the larva goes through a complicated meta¬ 
morphosis. At the end of the metamorphosis the animal, now 
much larger and indued with the full characters of a lobate Cteno¬ 
phore, becomes a second time sexually mature, gonads being 
developed in all the eight meridional canals (see Chun, 8). 

AVith few exceptions zoologists, since the time of Eschscholtz, 
have been agreed in ranking the Ctenophora as a class of the 
Coelentera, although much evidence has been brought forward 
of late years to show that they have decided affinities with 
Platyhelminthes, particularly with the Polyclada (see Lang, 17). 
The polyclad affinities of Ctenophora are regarded as tending to 
prove that the Polyclada are descended by \ray of the Cteno¬ 
phora, or, at least, by way of a Ctonophore-like ancestor, from the 
Coelentera. Such an argument implies that the Ctenophora are 
indubitably Coelentera. 
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The characters of the Ctenophora which are relied on as 
evidence of their Coelenterate nature are as follows:—1. The 
existence of a gastrovascular system, and the absence of a separate 
body cavity or coelom. 2. The general shape and architecture of 
the body, its radial symmetry, and the existence of an abundant 
gelatinous material between the two primary layers—the ecto¬ 
derm and endoderm. 3. The presence of tentacles, which care 
likened to those of a Medusa. 4. The position of the gonads, and 
the derivation of the sexual cells from the endoderm. 6. The exist¬ 
ence of a sub-epithelial nerve plexus resembling that of Medusae. 

6. The supposed homology between lasso-cells and nematocysts. 

7. The absence of nephridia. In a more special manner it has 
boon sought to compare the Ctenophore directly with a Medusa 
or with an Anthozoan zooid. Thus the general surface of the 
Ctenophoran body has been homologised with the exumbrellar 
surfiice of a Medusa; the stomodaeum with the sub-umbrellar cavity ; 
the gelatinous mesoderm of the one with the mesogloca of the other; 
the gastrovascular canals with the radial canals; the Ctenophoran 
tentacles with the marginal tentacles of the Medusa. These homo¬ 
logies appeared at one time to be established beyond all cavil by 
the discovery of Cfemria ctenophora^ a Cladonemid Anthomedusa, 
described by Haeckel (12) as a form directly intermediate between 
the Hydromedusae and the Ctenophora.^ Ctenaria (see Fig. V.) 
is an ovoid Anthomedusa, with a relatively small sub-umbrellar 
cavity, the aperture of which is still further diminished by the velum. 
The mouth o^ ons at the end of a manubrium, and is surrounded by 
a circlet of sixteen oral tentacles. The gastral cavity is divided 
by a constriction into an upper and a lower moiety, the former 
of which is homologised with the infundibulum of Ctenophora. 
From the lower moiety four perradial gastrovascular canals are 
given off, each of which bifurcates to form two adradial canals. The 
eight adradial canals thus formed are connected round the margin 
of the umbrella by a ring canal. There are two perradial marginal 
filamentous tentacles beset with accessory filaments. At the base 
of each tentacle is a pocket-like cavity in the exumbrella, lined by 
batteries of nematocysts ; it is doubtful whether the tentacles are 
retractile within these pouches. On the surface of the exumbrella 
are eight adradial meridional ridges, made up of nematocyst 
batteries. There is no apical sense organ, and the gonads are 
borne, as in all Anthomedusae, on the manubrium. The 
resemblance of Ctenaria to the Ctenophora is quite superficial. 
One has only to compare the eight nematocyst stripes of the one 
with the highly specialised ciliated costae of the other to see their 

^ **£ine neue hbchst interessoute paciftsebe Form, Ctenaria ctenophora, welcbe 
ich als due unmittelhare UeberffangiiforM von Oeinniaiia-ahulichen Autbomedusen 
XU Cydippe-lihnlichen Cteiiophoron AufTasscu muss.’* 
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essential difference, and, for the rest of it, nematocysts do not 
occur in the Ctenophora.^ The sub-umbrella cannot be compared 
either in its development or in its adult relations to a stomodaeum. 
There is a superficial resemblance between the gastro-vascular 
system of the two forms, but even if we pass over the absence 
of anything representing the manubrium and oral tentacles in 
Ctenophora, we find an essential difference in that the endoderm 
lamella, in which the radial canals of the Anthomedusan are 



l i.;. V, 

Ctruaria ctenopliorn, Haeckt*!. A, sitle view ; B, two liorizontal vlewa, ilmt to th« left 
repreReiitiiig the surface of the aboral hemis]»]ivrfi, that to the right a section passing nearly 
eqnatorially. «, tliu right a«lra<ruil rnlges of iieitiatocysts; ft, mesogloea of the umbrella; 
c, circular iiiiiscie of the uinbrclla; d, longitmlinal niuscIeH of the umbrella; c, the gastral 
cavity ; /, the sixteen oral tentacles; ( 7 , the four lierratlial gonads borne on the manubrium ; 
hf the four i^ntullal gastrovascular canals; i, the eight adradial bifurcations of the preceding ; 
V, ring canal at the uinbrellar margin ; Z, velum ; m, ])ocket*likc cavities in the exumbrella 
eitnated at the bases of the tentacles and lined with nematocysts; n, the tentacles ; 0, the 
upper moiety of the gastial cavity, called by Haeckel the infundlbuhim. 

hollowed out, is entirely unrepresented in the Ctenophora. Nor 
is there any ring canal in the latter group. The tentacles of 
Ctenaria are lined by endoderm, their musculature is epithelial; 
the tentacles of Ctenophora have a solid axial cord of muscular 
fibres derived from mesoblast. The sub-tentacular pouches of 
Ctenaria correspond neither in position nor in their relations to^ 
the tentacles to the tentacular sheaths of Ctenophores, and the* 
existence of such nematocyst pouches, as well as the existence of 
only a single pair of perradial tentacles, is paralleled in other 
^ With one exception. 







THE CTENOPHORA 


15 


Medusae which are not endowed with superficial Ctenophore-like 
characters. The so-called infundibulum of Ctenaria proves to be a 
brood pouch similar to that in the allied Eleuiherkiy and the Medusa 
is devoid of any trace of the aboral sense organ so characteristic 
of the Ctenophore. The position of the gonads is also different 
in the two forms. The gelatinous tissue and the musculature of 
the Ctenophora are mesoblastic, in the Anthomedusan they are 
ectodermal in origin. Add to this the fact that the locomotion of 
the Ctenophora is essentially ciliary, that of the Medusae muscular, 
that the symmetry of the one group is radial, whilst in the other 
it is biradial, and it must be conceded that the Medusoid affinities 
of the Ctenophora arc untenable. 

A comparison of the Ctenophora with the Anthozoa oflers more 
satisfactory grounds of homology. The ciliated ectoderm of the 
Anthozoa might possibly be the antecedent of the specialised 
ciliated bands which form the costae of the Ctenophora. The 
stomodaeuni of the Ctenophora and Anthozoa may fairly be 
homologised. In both cases it is compressed in a plane which is 
known as the sagittal plane, and in both cases the gastrovascular 
system exhibits a biradial symmetry with regard to that plane. 
Further evidence is afforded by the comj)arison of developmental 
stages. In both the Anthozoa and the Ctenophora there is a stage in 
which the gut is produced into four saccular pouches, so that the 
embryo has a four-rayed symmetry. This condition, which is 
typical ill the Ctenophora, is best seen in the young Amchnactis 
amongst the Anthozoa, but may also be distinguished in the lai" ae 
of Actinidae. It would bo idle to deny the significance of these 
features, but it must be recollected that the Ctenophora have many 
features peculiar to themselves. The costae and their combs, though 
doubtless a specialisation of a primitively uniformly ciliated surface, 
are characteristic of Ctenophora; so is the aboral sense organ, 
to which there is no parallel in Anthozoa. The solid muscular 
tentacles of the Ctenophores cannot be homologised with the 
hollow tentacles of the Anthozoan. There is no epithelio-muscular 
system in Ctenophora, and the musculature differs both in origin 
and in structure from that of Anthozoa, and indeed all other 
Coelentera. The nematocysts so characteristic of Coelentera are 
replaced in Ctenophora by the lasso-cells, structures of an entirely 
different nature. 

Finally, there are those who would question whether any 
animals possessing a mesobhast can properly be called Coelentera. 
The Coelentera, as originally defined by Leuckart, are animals 
in which there is no body cavity or coelom separate from the 
digestive cavity or enteron; the two being represented by a 
single cavity, the gastrovascular cavity or coelenteron. According 
to this definition the Ctenophora are certainly Coelentera. In 
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typical Coelentera one or other of the two primary layers, 
ectoderm or endoderm, retains the functions which in Coelomata 
are handed over to mesoblast. Hence we find epithelic-muscular 
cells derived chiefly fiom ectoderm in Hydrozoa, chiefly from 
endoderiu in Anthozoa. The researches of Metschnikofl*, confirmed 
by Samassa, have shown that a mesoblast is formed in the 
Ctenophora, that there is no epithelio-muscular system, but that 
the musculature is wholly derived from the mesoblast. At the 
same time it must bo duly borne in mind that “mesoblast*' is 
nothing more than an embryological segregation of those cells 
derived in Coelentera or Diploblastic animals from one or both of 
the primary germ layers which arc in Coelonuita destined to give 
rise to the coelom and the tissues of its walls. Greater weight 
must be atUiched to the presence of the gastrovascular system in 
Ctenophora than to the embryonic exhibition of “ a mesoblast.” 



Fio. VI. 

CtfnofUnna Koicnlernki I ^ KorotnefT (after Willey), tt, tentacles; tshy triitncle Hlieathe; 
rtr, Rub-traiisverMO coHtnv; w, Rub-sauittal contae; nt, “ stomach " (? Htoiiiodacuin), 7, 9, S, 4, 
the four priiiciiKil loin's of the iiifimuibuluin; p/, sensory teutacIcK rupresoutiiig tlio polar 
tlelds; pOf iiigmcnt HiMits. 


The affinities of the Ctenophora with the Polyclada remain 
to be considered. These affinities, first suggested by Selenka on 
embryological grounds, were rendered more probable by the 
discovery of Coeloplana Metschnikoffiiy a form supposed to be 
intermediate between Planarians and Ctenophora, and were urged 
with considerable force by Lang (17). The discovery *of Cteno^ 
plana KcwalevsHi, an animal allied to Coeloplana, by KorotnefT (14) 
served to confirm this view. 

Ctenoplam has recently been rediscovered by Willey (22), 
who has given a more exact account of its habits and anatomy 
than KorotnefT was able to do. It is a Ctenophore, flattened so 
much that the principal axis joining mouth and sense organ is 
extremely short. Hence one can distinguish a dorsal or al)oral 
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and a ventral or oral surface. It has eight very short ribs with 
the characteristic combs, which can be withdrawn into or evagin- 
ated from pouch-like cavities in the body wall. There is a single 
pair of pinnate tentacles retractile within tentacle sheaths; the 
tentacles are solid and muscular. In the centre of the aboral 
surface of the body is a sense organ, consisting of an otolith mass 
suspended by stiff cilia, and two crescentic rows of ciliated ten¬ 
tacles or papillae, which are evidently homologous with the polar 
fields, and recall the lappet-like processes of the edge of the polar 
fields of the Beroidae (Fig. X. pf). The mouth is circular and 
leads into a “ stomach,’’ which is compressed in the sagittal plane; 
it is not known whether the “ stomach ” is a stomodaeum. An 
infundibular vessel passes from the aboral end of the stomach 
towards the sense organ, which it embraces without opening to 
the exterior. From each of the two flattened sides of the 
stomach a narrow canal, lying in the transverse plane, leads into 
a pair of saccular lobes, and from these numerous diverticula are 
given off forming a peripheral canal system. These peripheral 
canals may be compared with the canals of the lobes of Lobatae. 
The testes are situated at the bases of the two saccular lobes at 
either end of the main transverse canal of the gastrovascular 
system, and they have ducts which open to the exterior just below 
the costae. The ovaries have not been observed. Ctenoplana 
either swims by means of its combs, or crawls on the bottom by 
its ventral surface. It can also attach itself, like a Planarian, 
ventral surface uppermost, to the surface film of the water. Its 
body is thickened in the transverse plane, and the sagittal margins 
are produced into two thin rounded lobes. In swimming the 
lobes are folded together like the leaves of a book. It should be 
noticed that the lobes of Ctenoplaiia correspond in position with 
those of the Lobatae. The ventral surface of Ctenoplana is ciliated, 
but, excepting for the costae and sensory tentacles, there are no 
cilia on the dorsal surface. 

Unfortunately we have only a meagre account of the anatomy 
of Coeloplana. It appears, in general, to resemble Ctenoplana, but 
has no costae, and the whole surface of the body is uniformly 
ciliated. Both Ctenoplana and Coeloplana have been said to exhibit 
remarkable Planarian affinities because of their dorso-ventrally 
flattened bodies, their crawling habits, and the ciliation of the 
ectoderm, partial in the case of Ctenoplana, complete in the case of 
Ceoloplana. Not much weight can be attached to these characters. 
Habit is a very insecure guide to affinity. One of the Cydippidae, 
Lampetia pancerina, crawls on its oral surface, everting the stomo¬ 
daeum so as to form a broad creeping surface. The flattened 
bodies of Ctenoplana and Coeloplana are clearly correlated with the 
adoption of the creeping habit already foreshadowed in Lampetia, 
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A tendency towards dorso-ventral compression is not unknown in 
typical Ctenophora, for in Deiopea (Fig. VIII.) the main axis is 
considerably shortened and the sagittal axis lengthened by the 
development of the lobes. CtenopUma is an undoubted Ctenophoi o 
modified as a result of the assumption of creeping habits. It 
still retains the power of swimming, and has not lost the typical 
Ctenophoran costae. Coeloplam is still more modified and has lost 
the Costae. The features in which Ctemplana differs most from 
Ctenophora are: the absence of meridional sub>costal canals, and 
as a consequence the development of gonads in a more proximal 
part of the gastrovascular system; the presence of genital ducts 
and the presence of a peripheral canal system, which, however, is 
paralleled in the Beroidae and Lobatae. Whilst there can be no 
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Fl«. VII. 

Mtiwhtiikon'ii (nlightly alt**rwl from Kowalevsky). o, mouth ; d, ciivlty of tin* 
ilijcpstive canal; i, islot-s of tiHMUft; c, circular canal; d\ on« of the four illvcrticula of th«’ 
canal; ss, ciccjil otfaetM of the dineetlve canal, terminating in creHCOutic enlargementH 
al)out the otolitli aac ; Qt, vesicle with a group of otoliths ; tf, tentacle sheaths; 711 , muscular 
libre of teiituclos. 

doubt that Ctenoplam is a Ctenophore, and not very distantly 
related to the other members of the group, it is a question whether 
it is a primitive or a much specialised form. Willey (22) is 
decidedly of the opinion that it is primitive. He sees in it the 
representative of the littoral ancestor from which both the pelagic 
Ctenophora and the Platyhelminthes have been derived. In point 
of fact we have no evidence as to whether Ctenoplam or Coeloplana 
are primitive or derived forms; such evidence can only be furnished 
by their development and larval history, which are unknown. If 
Ctenoplam should prove to have a cydippiform larva like the 
Cestidae and Lobatae, then there can be no doubt that it is a 
derived form; if it should prove to have a direct development 
without a metamorphosis, then the probability will be that it is a 
primitive form. In the present state of our knowledge it cannot 
be said that the existence of Ctenoplam and Codoplam gives any 
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satisfactory evidence of the relatignship of Flatyhelminthes to 
Ctenophora, still less of the descent of the former group from the 
latter. The most that can be said is that Ctenoplana and Coeloplana 
afford an interesting suggestion as to how the Polyclada might 
conceivably have been derived from a Ctenophore>like ancestor. 
But whilst we decline to attach very much importance to the 
resemblance between Ctenoplam and the Polyclada, we cannot 
ignore other points of resemblance between the Ctenophora and 
the Flatyhelminthes. The earlier stages of segmentation, the 
formation of the gastrula, the outgrowth of the primitive mesoderm 
cells into four mesodermal bands placed crosswise, and the forma¬ 
tion of the mesenchymatous mesoderm from these bands, are 
features in which the young Polyclad resembles the young Cteno- 
phore in a remarkable degree. The gelatinous mesoderm of 
Ctenophora, with its layers of longitudinal, transverse, and 
radiating branched muscle fibres, most nearly resembles the 
mesenchyme of Turbellarian worms, and the ciliated larvae of 
many Flatyhelminthes, more particularly the Piluiium larva of 
Nemertines and the larva of Siylochus piluimm, with its uniform 
coat of cilia, its aboral sense organ, its stomodaeum or pharynx, 
and its enteron lined with endoderm cells, are most suggestive of 
the hypothetical ancestor from which both the Turbellaria and 
the Ctenophora may have originated. The conclusion is that the 
Turbellaria, the Nemertines, and the Ctenophora are descended 
from a common ancestor which is most nearly represented by the 
larva of Siylochus, Such an ancestor would be spherical or hemi¬ 
spherical in shape, would have an aboral sense organ consisting of 
a plate of thickened ectoderm provided with long stiff cilia. The 
line joining mouth and sense organ would be the chief axis of the 
body. The digestive tract would consist of a stomodaeum and a 
more or less spacious sacculated enteron, and would be surrounded 
by a mesenchymatous tissue consisting of a gelatinous matrix 
traversed by branched muscular fibres, derived from a special germ 
layer, the mesoblast. Such an ancestor would itself be a Coelen- 
terate and have been derived from a Coelenterate ancestor, and 
very probably from a form resembling the early larvae of Actinians. 

The Ctenophora are classified as follows ;— 

Class Ctenophora. 

Sub-Class 1. Tkntaoulata. With tentacles. 

Order 1. Oydippidea, Lesson. 

Ctenophora of spherical, cylindrical, or compressed form, with two 
simple or branched tentacles retractile within tentacular sheaths. The 
meridional and stomodooal canals end blindly, and arc not produced into a 
peripheral canal system. 


26 



20 


THE CTENOPHORA 


Family 1. Mertensidae. The body compressed iii the sagittal 
plane. Sub*tran8verse costae longer than the sub-sagittal. Sub-Family 1. 
Mbrtensinae. The aboral pole devoid of processes. Genera— Eucklom^ 
Chun; Charistephaney Chun. Sub-Family 2. Callianirinae. Body 
produced at the aboral pole to form two or four processes, into which the 
aboral ends of the meridional canals extend. Genera— Callianiray Peron, 
with two processes; Lopltocteniciy Bourne {^Beroey Mertens),^ with four 
processes. Family 2. Pleurobrachiidae. Body circular in section, 
Costae of equal length. Genera— Pleurobrackia, Fleming ; Hormiphora. 
Jm Agassiz ; Lampetiay Chun ; Euplokamisy Chun. 

Order 2. Lobata. 

Body compressed in the transverse plane. The sagittal areas of the 
body produced to form two more or less extensive peristoniial lobes. 
The ends of the sub-transverse costae produced into four lappets or 



Deuwea kaloktcnota, Chun, from the traneversie aspect, m, mouth; Ht, stomodneum; <, 
inftindibuimn; cm, sub-sagittal costae ; efr, Muli-transverse costae; an, auricles; it, accessory 
tentacles; {c, serpentifonii lobular canals; zz, ])oiiits where the lobular canals coininunicato 
with the Bub-trausverse, meridional canals; 2>p, impillae. 

auricles on which the combs extend. The eight ciliated grooves are con¬ 
tinued over the whole length of the costae. Sub-sagittal costae longer 
than the sub-transverse. Transverse gastrovascular canals obsolete, a pair 
of canals being given off from either side of the infundibulum. Meridional 
and stoinoflmal canals communicate with one another by means of prolonga¬ 
tions of the latter, and from these connecting vessels serpentiform diver¬ 
ticula are given off into the sagittal lobes. Tentacular sheaths absent. 
Tentacles in the form of numerous accessory filaments situated in grooves 
which extend from the mouth to the bases of the auricles. 

Family 1. Lesueuridab. The sagittal lobes rudimentary ; auricles 
long and ribbon-like. Genus— Lesueuria, M. Edwards. Family 2 .- 

^ 11)6 four-crested Callianirid, to which I have given the name Lophoetenia, was 
discovered by Mertens in ISSSt and was named by him BeroS, As this generic name 
lielongs to another form it cannot 1>e retained, and since no other has bMn suggested 
I have renamed Mertens’s form l^phucUnia (X60of, a crest, and xrelr, a comb). 
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lioLiNiDAE. Sagittal lobes of moderate size; lobular canals simple; 
auricles short. Genera — Bolina, Mertens; BolinopsiSf L. Agassiz ; 
Jfapalia, Eschscholtz. Family 3. Deiopeidae. Body much compressed : 
lobes of moderate size, with lobular vessels more complicated than in 
Bulinidae ; auricles short; costae comprise very few, but very broad 
combs. Genus— Dmpea ^ Chun. Family 4. Eurhamphaeidae. Two 
wing-like projections at the aboral pole in which the sub-tentacular costae 
and meridional vessels are produced. Genus— EwrhamphcBa^ Gegenbauer. 
Family 5. Eucharidae. Lobes large, with complex lobular canals ; 
body covered with elongate touch-papillae ; a main tentacular filament 
present, as well as accessory filaments ; above the tentacle bases are a 
pair of openings which lead into elongate blind sacs lying in the sagittal 
]>1ane and ending blindly in the neighbourhood of the infundibulum. 
Genus— Eticharis, Eschscholtz. Family 6. Mnemiidae. Lobes large ; 
the lobes and auricles spring from near the level of the infundibulum ; 
auricles long and ribbon-like. Genera— Mnemia^ Eschscholtz ; Alcinoi., 



Fin. IX. 

Ceatus veneris, I.p.suenr. m, inoutli; tsh, shi*ath ; •’!. t'*, cS, tlu' four nuliiMontary 

Ruh-tr;iti8vt‘rK« cohIar ; c:2, c3, o®, (’7, four laijje s«l»-sA}:itt.'il Cf»sl;u*; sf-*, sff*, tlu' four 

sub-transverse, meridional canals which communicate at i‘<*, willi the suV)-saKittal canals., 

Rang. ; MnemiopsiSy L. Agassiz. Family 7. Calymmidae. Body much 
compressed ; lobes large, springing from the level of the infundibulum ; 
costae nearly horizontal. Genus— Cahjmma^ Eschscholtz. Family 8. 
Ocyroidae. Lobes of great length, with relatively small attachments to 
the body ; costae horizontal. Genus— Ocyro^ Rang. 

Order 3. Cestoidea, Lesson. 

Ctenophorn so much compressed in the infundibular plane as to be 
band-like. The sub-sagittal costae extend over the whole length of the 
aboral surface ; the sub-transverse costae rudimentary. The sub-transverse 
meridional canals run down the middle of the band-like body end unite 
with the ends of the long sub-sagittal and stomodmal canals. Tentacle 
sheath and tentacle basis present, but no main tentacle ; accessory tentacles 
lie in four tentacular grooves which extend, on the oral surface, from the 
mouth to the extremities of the band-like body. Gonads developed only 
in the sub-sagittal canala Family Cestidae. Genera— Cestm^ Lesueur; 
VtxiUuMy Fol. 
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Order 4. Platyctenea. 

Ctenophora of creeping habit; the body flattened in the principal axis 
80 that a dorsal can be distinguished from a ventral surface. No meridional 
sub-costal canals, but a system of anastomosing peripheral vessels. Costae, 
when present, retractile within ectodermal pouches. Genera —CtenoplanOj 
Korotneff, costae present; CoeUplam^ Kowalevsky, costae absent; the 
whole surface ciliated. 



Fio. X. 


Beret ForskalH, Chun, from the sagittal aspect, m, mouth; infundibulum; so, sense 
organ; p/, papilliform processes of the polar fields; $te, stomodRsl canal; me, meridional 
canals; oe, ovaries; spennaries. The peripheral canal system it seen extending over the 
entire surface. 


Sub>Class 2. Nuda. Tentacles absent. 

Order Beroidea, Lesson. 

FAMiLt Beroidae. Elongate, conical, or ovoid Otenopbora com- 
pressed in tbe infundibular plane, with wide mouth and spacious atomo* 
daeum. The otolith mass is uncovered, the polar fields surrounded hj 
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branched papillae. Tentacles and tentacle sheaths absent The meridional 
canals unite with the stomodaeal canals in the region of the mouth and 
send out diverticula, which anastomose to form a peripheral network of 
canals extending all over the body. Qenus— Bero'4f Brown. 
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